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AUTONOMOUS SURFACE CLEANING
ROBOT FOR WET AND DRY CLEANING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of and claims priority
under 35 U.S.C. §120 to U.S. application Ser. No. 13/023,
444, filed Feb. 8, 2011, which is a continuation of and claims
priority under 35 U.S.C. §120 to U.S. application Ser. No.
11/359,961, filed Feb. 21, 2006, which claims priority under
35 U.S.C. §119(e) to U.S. Provisional Application Ser. No.
60/654,838, filed Feb. 18, 2005, the entire disclosure of
which is herein incorporated by reference in its entirety. U.S.
application Ser. No. 11/359,961 is also a continuation-in-
part of and claims priority under 35 U.S.C. §120 to U.S.
application Ser. No. 11/134,212, filed May 21, 2005, U.S.
application Ser. No. 11/134,213, filed May 21, 2005, U.S.
application Ser. No. 11/207,575, filed Aug. 19, 2005, and
U.S. application Ser. No. 11/207,620, filed Aug. 19, 2005,
now U.S. Pat. No. 7,389,156, the entire disclosures of which
are herein incorporated by reference in their entireties. U.S.
application Ser. No. 11/359,961 is also a continuation-in-
part of and claims priority under 35 U.S.C. §120 to U.S.
application Ser. No. 11/207,574, filed Aug. 19, 2005, now
U.S. Pat. No. 7,620,476 and U.S. application Ser. No.
11/133,796, filed May 21, 2005.

BACKGROUND OF THE INVENTION

The present invention relates to cleaning devices, and
more particularly, to an autonomous surface cleaning robot.

DESCRIPTION OF RELATED ART

Autonomous robot floor cleaning devices having a low
enough end user price to penetrate the home floor cleaning
market are known in the art. For example, and U.S. Pat. No.
6,883,201 by Jones et al. entitled Autonomous Floor Clean-
ing Robot, the disclosure of which is herein incorporated by
reference it its entirety, discloses an autonomous robot. The
robot disclosed therein includes a chassis, a battery power
subsystem, a motive drive subsystem operative to propel the
autonomous floor cleaning robot over a floor surface for
cleaning operations, a command and control subsystem
operative to control the cleaning operations and the motive
subsystem, a rotating brush assembly for sweeping up or
collecting loose particulates from the surface, a vacuum
subsystem for suctioning up or collecting loose particulates
on the surface, and a removable debris receptacle for col-
lecting the particulates and storing the loose particulates on
the robot during operation. Models similar to the device
disclosed in the *201 patent are commercially marketed by
IROBOT CORPORATION wunder the trade names
ROOMBA RED and ROOMBA DISCOVERY. These
devices are operable to clean hard floor surfaces, e.g. bare
floors, as well as carpeted floors, and to freely move from
one surface type to the other unattended and without inter-
rupting the cleaning process.

In particular, the *201 patent describes a first cleaning
zone configured to collect loose particulates in a receptacle.
The first cleaning zone includes a pair of counter-rotating
brushes engaging the surface to be cleaned. The counter-
rotating brushes are configured with brush bristles that move
at an angular velocity with respect to floor surface as the
robot is transported over the surface in a forward transport
direction. The angular movement of the brush bristles with
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respect to the floor surface tends to flick loose particulates
laying on the surface into the receptacle which is arranged
to receive flicked particulates.

The *201 patent further describes a second cleaning zone
configured to collect loose particulates in the receptacle and
positioned aft of the first cleaning zone such that the second
cleaning zone performs a second cleaning of the surface as
the robot is transported over the surface in the forward
direction. The second cleaning zone includes a vacuum
device configured to suction up any remaining particulates
and deposit them into the receptacle.

In other examples, home use autonomous cleaning
devices are disclosed in each of U.S. Pat. No. 6,748,297, and
U.S. Patent Application Publication No. 2003/0192144, both
by Song et al. and both assigned to Samsung Gwangu
Electronics Co. The disclosures of the *297 patent and 144
published application are herein incorporated by reference it
their entireties. In these examples, autonomous cleaning
robots are configured with similar cleaning elements that
utilize rotating brushes and a vacuum device to flick and
suction up loose particulates and deposit them in a recep-
tacle.

While each of the above examples provide affordable
autonomous floor clearing robots for collecting loose par-
ticulates, there is heretofore no teaching of an affordable
autonomous floor cleaning robot for applying a cleaning
fluid onto the floor to wet clean floors in the home. A need
exists in the art for such a device and that need is addressed
by the present invention, the various functions, features, and
benefits thereof described in more detail herein.

Wet floor cleaning in the home has long been done
manually using a wet mop or sponge attached to the end of
a handle. The mop or sponge is dipped into a container filled
with a cleaning fluid, to absorb an amount of the cleaning
fluid in the mop or sponge, and then moved over the surface
to apply a cleaning fluid onto the surface. The cleaning fluid
interacts with contaminants on the surface and may dissolve
or otherwise emulsify contaminants into the cleaning fluid.
The cleaning fluid is therefore transformed into a waste
liquid that includes the cleaning fluid and contaminants held
in suspension within the cleaning fluid. Thereafter, the
sponge or mop is used to absorb the waste liquid from the
surface. While clean water is somewhat effective for use as
a cleaning fluid applied to floors, most cleaning is done with
a cleaning fluid that is a mixture of clean water and soap or
detergent that reacts with contaminants to emulsify the
contaminants into the water. In addition, it is known to clean
floor surfaces with water and detergent mixed with other
agents such as a solvent, a fragrance, a disinfectant, a drying
agent, abrasive particulates and the like to increase the
effectiveness of the cleaning process.

The sponge or mop may also be used as a scrubbing
element for scrubbing the floor surface, and especially in
areas where contaminants are particularly difficult to remove
from the floor. The scrubbing action serves to agitate the
cleaning fluid for mixing with contaminants as well as to
apply a friction force for loosening contaminants from the
floor surface. Agitation enhances the dissolving and emul-
sifying action of the cleaning fluid and the friction force
helps to break bonds between the surface and contaminants.

One problem with the manual floor cleaning methods of
the prior art is that after cleaning an area of the floor surface,
the waste liquid must be rinsed from the mop or sponge, and
this usually done by dipping the mop or sponge back into the
container filled with cleaning fluid. The rinsing step con-
taminates the cleaning fluid with waste liquid and the
cleaning fluid becomes more contaminated each time the
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mop or sponge is rinsed. As a result, the effectiveness of the
cleaning fluid deteriorates as more of the floor surface area
is cleaned.

While the traditional manual method is effective for floor
cleaning, it is labor intensive and time consuming. More-
over, its cleaning effectiveness decreases as the cleaning
fluid becomes contaminated. A need exists in the art for an
improved method for wet cleaning a floor surface to provide
an affordable wet floor cleaning device for automating wet
floor cleaning in the home.

In many large buildings, such as hospitals, large retail
stores, cafeterias, and the like, there is a need to wet clean
the floors on a daily or nightly basis, and this problem has
been addressed by the development of industrial floor clean-
ing “robots” capable of wet cleaning floors. An example of
one industrial wet floor cleaning device is disclosed in U.S.
Pat. No. 5,279,672 by Betker et al., and assigned to Windsor
Industries Inc. The disclosure of the *672 patent is herein
incorporated by reference it its entirety. Betker et al. disclose
an autonomous floor cleaning device having a drive assem-
bly providing a motive force to autonomously move the wet
cleaning device along a cleaning path.

The use of the word “robot” or “autonomous” to describe
the Betker et al. device does not necessarily mean “unat-
tended” or fully autonomous—such devices are operator
attended for many reasons. One reason such devices are
operator attended is because they weight hundreds of pounds
and can cause significant damage in the event of a sensor
failure or unanticipated control variable. A more significant
reason is because devices as proposed by Betker et al. are not
physically configured to escape or navigate among confined
areas or obstacles, nor are they capable of being pro-
grammed to escape or navigate among confined areas or
obstacles. For example, the scrubber disclosed in Betker et
al. would often encounter the situation where it has insuf-
ficient lateral space to turn in accordance with the necessary
controlled radius and navigate around an obstacle, and in
such a case “alerts the operator that the situation requires
assistance,” as expressly disclosed by Betker et al. The
Betker et al. device is in some ways semi-autonomous, but
despite its rich sensor complement, it does not address
fundamental principles of autonomous operation, including
physical configuration and flexible response to its environ-
ment. The Betker et al. device would likely clean for no
more than a few minutes before getting stuck and requiring
operator intervention.

The Betker et al. device provides a cleaning fluid dis-
penser for dispensing cleaning fluid onto the floor; rotating
scrub brushes in contact with the floor surface for scrubbing
the floor with the cleaning fluid, and a waste liquid recovery
system, comprising a squeegee and a vacuum system for
recovering the waste liquid from the floor surface. While the
device disclosed by Betker et al. is usable to autonomously
wet clean large floor areas, it is not suitable for the home
market, and further, lacks many features, capabilities, and
functionality of the present invention as described further
herein. In particular, the industrial autonomous cleaning
device disclosed by Betker et al. is too large, costly and
complex for use in the home and consumes too much
electrical power to provide a practical solution for the home
wet floor cleaning market. A fundamental shortcoming of
Betker is that it appears to be neither physically capable nor
flexibly programmed to respond to a complex environment,
and is therefore designed to be frequently “rescued” by its
attendant operator. Another is that its cleaning techniques
may not be effective in a robot that could be carried or
manually moved by a person, e.g., less than 20 kg.
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Recently, improvements in conventional manual wet floor
cleaning in the home are disclosed in U.S. Pat. No. 5,968,
281 by Wright et al., and assigned to Royal Appliance Mfg.,
entitled Method for Mopping and Drying a Floor. The
disclosure of the °281 patent is herein incorporated by
reference it its entirety. Disclosed therein is a low cost wet
mopping system for manual use in the home market. The wet
mopping system disclosed by Wright et al. comprises a
manual floor cleaning device having a handle with a clean-
ing fluid supply container supported on the handle. The
device includes a cleaning fluid dispensing nozzle supported
on the handle for spraying cleaning fluid onto the floor and
a floor scrubber sponge attached to the end of the handle for
contact with the floor. The device also includes a mechanical
device for wringing waste liquid out of the scrubbing
sponge. A squeegee and an associated suction device are
supported on the end of the handle and used to collect waste
liquid up from the floor surface and deposit the waste liquid
into a waste liquid container, supported on the handle
separate from the cleaning solution reservoir. The device
also includes a battery power source for powering the
suction device. While Wright et al. describes a self contained
wet cleaning device as well as an improved wet cleaning
method that separates waste liquid from cleaning fluid, the
device is manually operated and appears to lack robotic
functionality (motor drive, autonomous control, etc.) and
other benefits and features identified in the present disclo-
sure.

BRIEF SUMMARY OF THE INVENTION

The present invention overcomes the problems cited in
the prior by providing, inter alia, low cost autonomous robot
capable of wet cleaning floors and affordable for home use.
The problems of the prior art are addressed by the present
invention which provides an autonomous cleaning robot
comprising a chassis and a transport drive system configured
to autonomously transport cleaning elements over a cleaning
surface. The robot is supported on the cleaning surface by
wheels in rolling contact with the cleaning surface and the
robot includes controls and drive elements configured to
control the robot to generally traverse the cleaning surface in
a forward direction defined by a fore-aft axis. The robot is
further defined by a transverse axis perpendicular to the
fore-aft axis.

In particular, the surface cleaning robot includes two
separate cleaning zones with a first cleaning zone configured
to collect loose particulates from the surface and with a
second cleaning zone configured to apply a cleaning fluid
onto the surface, scrub the surface and thereafter collect a
waste liquid from the surface. The surface cleaning robot
may also include at least two containers or compartments,
carried thereby, to store cleaning fluid and waste materials.
In certain embodiments, one compartment is positioned at
least partially directly above (with respect to gravity) the
other, so that movements of fluid from one compartment to
another do not significantly shift the center of gravity of the
robot.

The robot chassis carries a first cleaning zone A compris-
ing cleaning elements arranged to collect loose particulates
from the cleaning surface across a cleaning width. The
cleaning elements of the first cleaning zone utilize a jet port
disposed on a transverse edge of the robot and configured to
blow a jet of air across a cleaning width of the robot towards
the opposite transverse edge. A vacuum intake port is
disposed on the robot opposed to the jet port to suction up
loose particulates blown across the cleaning width by the jet
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port. The cleaning elements of the first cleaning zone may
suction up loose particulates, utilize brushes to sweep the
loose particulates into receptacle or otherwise remove the
loose particulates from the surface.

The robot chassis may also carries a second cleaning zone
B comprising cleaning elements arraigned to apply a clean-
ing fluid onto the surface. The second cleaning zone also
includes cleaning elements configured to collect the cleaning
fluid up from the surface after it has been used to clean the
surface and may further include elements for scrubbing the
cleaning surface and for smearing the cleaning fluid more
uniformly over the cleaning surface.

The robot includes a motive drive subsystem controlled
by a master control module and powered by a self-contained
power module for performing autonomous movement over
the cleaning surface. In one aspect, the invention relates to
an autonomous cleaning robot having a chassis supported
for transport over a cleaning surface, the chassis being
defined by a fore-aft axis and a perpendicular transverse
axis; a first collecting apparatus attached to the chassis and
configured to collect loose particulates from the cleaning
surface across a cleaning width, the cleaning width being
disposed generally parallel with the transverse axis; a liquid
applicator, attached to the chassis and configured to apply a
cleaning fluid onto the cleaning surface; and, wherein the
arrangement of the first collecting apparatus with respect to
the liquid applicator causes the first collecting apparatus to
precede the liquid applicator over the cleaning surface when
transporting the chassis in a forward direction.

In one embodiment of the above aspect, the autonomous
cleaning robot also includes a smearing element attached to
the chassis and configured to smear the cleaning fluid
applied onto the cleaning surface to more uniformly spread
the cleaning fluid over the cleaning surface; wherein the
arrangement of the liquid applicator with respect to the
smearing element (or spreader brush) causes the liquid
applicator to precede the smearing element over the cleaning
surface when transporting the chassis in a forward direction.
In another embodiment, the robot includes a scrubbing
element configured to scrub the cleaning surface; wherein
the arrangement of the liquid applicator with respect to the
scrubbing element causes the liquid applicator to precede the
scrubbing element over the cleaning surface when transport-
ing the chassis in the forward direction. In certain embodi-
ments, the robot also includes a second collecting apparatus
configured to collect waste liquid from the cleaning surface,
the waste liquid comprising the cleaning fluid applied by the
liquid applicator plus any contaminants, removed from the
cleaning surface by the clean fluid; wherein the arrangement
of the scrubbing element with respect to the second collect-
ing apparatus causes the scrubbing element to precede the
second collecting apparatus over the cleaning surface as the
chassis is transported in the forward direction.

In certain embodiments of the above aspect, the robot
includes a first waste storage container, compartment, or
tank attached to the chassis and arranged to receive the loose
particulates therein, and/or a second waste storage container
attached to the chassis and arranged to receive the waste
liquid therein. Some embodiments of the autonomous robot
of'the above aspect include a cleaning fluid storage container
attached to the chassis and configured to store a supply of the
cleaning fluid therein and to deliver the cleaning fiuid to the
liquid applicator. In some embodiments, the cleaning fluid
comprises water and/or water mixed with any one of soap,
solvent, fragrance, disinfectant, emulsifier, drying agent and
abrasive particulates. In some embodiments, the first and
second waste containers are configured to be removable
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from the chassis by a user and to be emptied by the user,
and/or said cleaning fluid storage container is configured to
be removable from the chassis by a user and to be filled by
the user. Certain embodiments include a combined waste
storage container, compartment, or tank attached to the
chassis and configured to receive the loose particulates from
the first collecting apparatus and to receive the waste liquid
from the second collecting apparatus therein. In other
embodiments the waste storage container is configured to be
removable from the chassis by a user and to be emptied by
the user. Still other embodiments include a cleaning fluid
storage container, attached to the chassis and configured to
store a supply of the cleaning fluid therein and to deliver the
cleaning fluid to the liquid applicator, and in some cases,
said cleaning fluid storage container is configured to be user
removable from the chassis and to be filled by the user.
In some embodiments of the above aspect, the autono-
mous cleaning robot further includes an integrated liquid
storage container, attached to the chassis, and formed with
two separate container portions, compartments, bladder(s),
or tanks comprising; a waste storage container portion
configured to receive the loose particulates from the first
collecting apparatus and the waste liquid from the second
collecting apparatus therein; and, a cleaning fluid storage
container, compartment, bladder, or tank portion configured
to store a supply of the cleaning fluid therein and to deliver
the cleaning fluid to the liquid applicator. In other embodi-
ments, the autonomous cleaning robot of the above aspect
includes the integrated liquid storage container configured to
be removable from the chassis by a user and for the cleaning
fluid storage container to be filled by and for the waste
storage container to be emptied by the user. In some embodi-
ments of the above aspect, the robot includes a second
collecting apparatus configured to collect waste liquid from
the cleaning surface, the waste liquid comprising the clean-
ing fluid applied by the liquid applicator plus any contami-
nants, removed from the cleaning surface by the cleaning
fluid; and, wherein the arrangement of the liquid applicator
with respect to the second collecting apparatus causes the
liquid applicator to precede the second collecting apparatus
over the cleaning surface as the chassis is transported in the
forward direction. Certain embodiments of the above aspect
include a smearing element or spreader brush attached to the
chassis and configured to smear the cleaning fluid applied
onto the cleaning surface to more uniformly spread the
cleaning fluid over the cleaning surface; and, wherein the
arrangement of the liquid applicator with respect to the
smearing element causes the liquid applicator to precede the
smearing element or spreader brush over the cleaning sur-
face when transporting the chassis in a forward direction.
In some embodiments, the robot includes a waste storage
container, compartment, or tank attached to the chassis and
configured to receive the loose particulates from the first
collecting apparatus and to receive the waste liquid from the
second collecting apparatus therein, and in certain cases, the
waste storage container is configured to be removable from
the chassis by a user and to be emptied by the user. Some
embodiments of the robot include a cleaning fluid storage
container, attached to the chassis and configured to store a
supply of the cleaning fluid therein and to deliver the
cleaning fluid to the liquid applicator, and in some cases,
said cleaning fluid storage container is configured to be
removable from the chassis by a user and to be filled by the
user. In other embodiments, the robot of the above aspect
includes an integrated liquid storage container or tank,
attached to the chassis, and formed with two separate
container portions comprising; a waste storage container
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portion configured to receive the loose particulates from the
first collecting apparatus and to receive the waste liquid
from the second collecting apparatus therein; and, a cleaning
fluid storage container, compartment, bladder, or tank con-
figured to store a supply of the cleaning fluid therein and to
deliver the cleaning fluid to the liquid applicator. In certain
embodiments, said integrated liquid storage container or
tank is configured to be removable from the chassis by a user
and for the cleaning fluid storage container to be filled by
and for the waste storage container or tank to be emptied by
the user.

Some embodiments of the above aspect include a motive
drive subsystem attached to chassis for transporting the
chassis over the cleaning surface; a power module attached
to the chassis for delivering electrical power to each of a
plurality of power consuming subsystems attached to the
chassis; and, a master control module attached to the chassis
for controlling the motive drive module, the first collecting
apparatus, and the liquid applicator, to autonomously trans-
port the robot over the cleaning surface and to autonomously
clean the cleaning surface. Some embodiments may also
include a sensor module configured to sense conditions
external to the robot and to sense conditions internal to the
robot and to generate electrical sensor signals in response to
sensing said conditions; a signal line for communicating the
electrical sensor signals to the master control module; and,
a controller incorporated within the master control module
for implementing predefined operating modes of the robot in
response to said conditions.

Some embodiments include a user control module con-
figured to receive an input command from a user and to
generate an electrical input signal in response to the input
command; a signal line for communicating the electrical
input signal to the master control module; and, a controller
incorporated within the master control module for imple-
menting predefined operating modes of the robot in response
to the input command. In certain embodiments, the autono-
mous cleaning robot includes an interface module attached
to the chassis and configured to provide an interface between
an element external to the robot and at least one element
attached to the chassis. In some embodiments, the element
external to the robot comprises one of a battery-charging
device and a data processor. Some embodiments include an
interface module attached to the chassis and configured to
provide an interface between an element external to the
robot and at least one element attached to the chassis. In
some embodiments, the element external to the robot com-
prises one of a battery-charging device, a data processor, a
device for autonomously filling the cleaning fluid storage
container with cleaning fluid, and a device for autonomously
emptying the waste liquid container.

Certain embodiments of robots of the above aspect
include an air jet port, attached to the chassis disposed at a
first edge of the cleaning width and configured to blow a jet
of air across the cleaning width proximate to the cleaning
surface, to thereby force loose particulates on the cleaning
surface to move away from the first edge in a direction
generally parallel with the transverse axis; an air intake port,
attached to the chassis and disposed at a second edge of the
cleaning width, opposed from the first edge and proximate
to the cleaning surface for suctioning up the loose particu-
lates; a waste storage container configured to receive the
loose particulates from the air intake port; and a fan assem-
bly configured to generate a negative pressure within the
waste storage container, compartment, or tank. In some
embodiments, the fan assembly is further configured to
generate a positive air pressure at the air jet port.
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In other embodiments the second collecting apparatus
includes a squeegee attached to the chassis and formed with
a longitudinal ridge disposed proximate to the cleaning
surface and extending across the cleaning width for provid-
ing a liquid collection volume at a forward edge of the ridge,
said longitudinal ridge collecting waste liquid within the
liquid collection volume as the chassis is transported in the
forward direction; a vacuum chamber partially formed by
the squeegee disposed proximate to the longitudinal ridge
and extending across the cleaning width; a plurality of
suction ports passing through the squeegee for providing a
plurality of fluid passages for fluidly connecting the liquid
collection volume and the vacuum chamber; and a vacuum
for generating a negative air pressure within the vacuum
chamber for drawing waste liquid collected within the liquid
collection volume into the vacuum chamber. Some addi-
tional embodiments also include a waste storage container
configured to receive the waste liquid from the vacuum
chamber, at least one fluid conduit fluidly connecting the
vacuum chamber and the waste storage container, compart-
ment or tank; and a fan assembly configured to generate a
negative air pressure within the waste storage container and
the vacuum chamber to thereby suction waste liquid up from
the cleaning surface and deposit the waste liquid in the waste
storage container. Other embodiments of the second collect-
ing apparatus incorporate a squeegee attached to the chassis
and formed with a longitudinal ridge disposed proximate to
the cleaning surface and extending across the cleaning width
for providing a liquid collection volume at a forward edge of
the ridge, said longitudinal ridge collecting waste liquid
within the liquid collection volume as the chassis is trans-
ported in the forward direction; a vacuum chamber partially
formed by the squeegee disposed proximate to the longitu-
dinal ridge and extending across the cleaning width; a
plurality of suction ports passing through the squeegee for
providing a plurality of fluid passages for fluidly connecting
the liquid collection volume and the vacuum chamber; and
a vacuum for generating a negative air pressure within the
vacuum chamber for drawing waste liquid collected within
the liquid collection volume into the vacuum chamber.

Still other embodiments of the above aspect include a
waste storage tank (or compartment) configured to receive
the waste liquid from the vacuum chamber, at least one fluid
conduit fluidly connecting the vacuum chamber and the
waste storage container or tank; and, a fan assembly con-
figured to generate a negative air pressure within the waste
storage container and the vacuum chamber to thereby suc-
tion waste liquid from the cleaning surface and deposit the
waste liquid in the waste storage container or tank. In some
embodiments, the fan assembly is configured to generate a
positive air pressure at the air jet port.

In another aspect, the invention relates to an autonomous
cleaning robot for transporting cleaning elements over a
cleaning surface including a chassis, supported in rolling
contact with the cleaning surface for transporting the chassis
in a forward direction defined by a fore-aft axis, the chassis
being further defined by a transverse axis; a first cleaning
zone comprising cleaning elements attached to the chassis
and arranged to collect loose particulates from the cleaning
surface across a cleaning width, the cleaning width being
disposed generally perpendicular with the fore-aft axis; a
second cleaning zone comprising cleaning elements
attached to the chassis and arranged to apply a cleaning fluid
onto the cleaning surface and to collect a waste liquid from
the cleaning surface across the cleaning width, said waste
liquid comprising the cleaning fluid plus any contaminants
removed from the cleaning surface by the cleaning fluid; and
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a motive drive subsystem controlled by a master control
module and powered by a power module, the motive drive
subsystem, master control module and power module each
being electrically interconnected and attached to the chassis
configured to autonomously transporting the robot over the
cleaning surface and to clean the cleaning surface. In some
embodiments of this aspect, the robot is configured with a
circular cross-section having a vertical center axis and
wherein said fore-aft axis, said transverse axis and said
vertical axis are mutually perpendicular and wherein the
motive drive subsystem is configured to rotate the robot
about the center vertical axis for changing the orientation of
the forward travel direction.

In another aspect, the invention relates to a surface
cleaning apparatus having a chassis defined by a fore-aft
axis and a perpendicular transverse axis, the chassis being
supported for transport over the surface along the fore-aft
axis, the chassis including a first collecting apparatus
attached thereto and configured to collect loose particulates
from the surface over a cleaning width disposed generally
parallel with the transverse axis, the first collecting appara-
tus including an air jet port configured to expel a jet of air
across the cleaning width; an air intake port configured to
draw air and loose particulates in; wherein the air jet port
and the air intake port are disposed at opposing ends of the
cleaning width with the air jet port expelling the jet of air
generally parallel with the surface and generally directed
toward the air intake port. In an embodiment of the above
aspect, the first collecting apparatus further includes a chan-
nel formed with generally opposed forward and aft edges,
extending generally parallel with the transverse axis across
the cleaning width, and generally opposed left and right
edges, extending generally orthogonal to said forward and
aft edges; wherein the air jet port is disposed at one of said
left and right edges and the air intake port is disposed at the
other of said left and right edges. In other embodiments, the
surface cleaning apparatus further includes a first compliant
doctor or air flow guide blade disposed across the cleaning
width and fixedly attached to a bottom surface of the chassis
proximate to said aft edge and extending from said bottom
surface to the surface for guiding the jet of air and loose
particulates across the cleaning width.

In other embodiments of the above aspect, the surface
cleaning apparatus further includes a second compliant
doctor or air flow guide blade fixedly attached to said bottom
surface and extending from said bottom surface to the
surface, for guiding the jet of air and loose particulates into
the air intake port. In still other embodiments, the apparatus
includes a rotary fan motor having a fixed housing and a
rotating shaft extending therefrom; a fan impeller configured
to move air when rotated about a rotation axis, said fan
impeller being fixedly attached to the rotating shaft for
rotation about the rotation axis by the fan motor; a housing
for housing the fan impeller in a hollow cavity formed
therein and for fixedly supporting the motor fixed housing
thereon, the housing being further configured with an air
intake port through which air is drawn in to the cavity, and
an air exit port through which air is expelled out of the cavity
when the impeller is rotated; and a first fluid conduit fluidly
connected between the fan air intake port and the air intake
port of said first collecting apparatus; therein each of the
elements is attached to the chassis. In some embodiments,
the apparatus includes a waste storage container attached to
the chassis and fluidly interposed within said first fluid
conduit between the fan air intake port and the air intake
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port. In some embodiments, the waste storage container is
configured to be removable from the chassis by a user and
to be emptied by the user.

Still other embodiments include an air filter element
interposed within said first fluid conduit between the waste
storage container and the fan air intake port for filtering
loose contaminates from air being drawn in through the fan
air intake port, and may also include a second fluid conduit
fluidly connected between the fan exit port and the air jet
port of said first collecting apparatus. In other embodiments,
the surface cleaning apparatus further includes a second
collecting apparatus attached to the chassis and disposed aft
of'the first collecting apparatus for collecting liquid from the
surface over the cleaning width. In some embodiments, the
second collecting zone includes a squeegee fixedly attached
to the chassis aft of the first collecting apparatus and
extending from a bottom surface of the chassis to the surface
across the cleaning width for collecting liquid in a liquid
collection volume formed between the squeegee and the
surface, the squeegee further forming a vacuum chamber
and providing a plurality of suction ports disposed across the
cleaning width and fluidly connecting the vacuum chamber
and the liquid collection volume; and a vacuum for gener-
ating a negative air pressure inside the vacuum chamber to
thereby draw liquid into the vacuum chamber through the
plurality of suction ports fluidly connected with the collec-
tion volume.

Other embodiments of the surface cleaning apparatus of
the above aspect include a rotary fan motor having a fixed
housing and a rotating shaft extending therefrom; a fan
impeller configured to move air when rotated about a
rotation axis, said fan impeller being fixedly attached to the
rotating shaft for rotation about the rotation axis by the fan

motor; a housing for housing the fan impeller in a hollow
cavity formed therein and for fixedly supporting the motor
fixed housing thereon, the housing being further configured
with an air intake port through which air is drawn in to the
cavity, and an air exit port through which air is expelled out
of'the cavity when the impeller is rotated; a first fluid conduit
fluidly connected between the fan air intake port and the air
intake port of said first collecting apparatus; and a third fluid
conduit fluidly connected between the fan air intake port and
the vacuum chamber; wherein these elements are attached to
the chassis. The surface cleaning apparatus may also include
a second fluid conduit fluidly connected between the fan exit
port and the air jet port of said first collecting apparatus,
and/or a waste storage container or tank attached to the
chassis and configured to store the liquid collected from the
surface. Still other embodiments utilize a waste storage
container attached to the chassis and configured to store the
liquid collected from the surface, said waste storage con-
tainer or tank being fluidly interposed within said third fluid
conduit. In some embodiments, the cleaning apparatus
includes a waste storage container attached to the chassis
and configured to store the liquid collected from the surface,
said waste storage container being fluidly interposed within
said first and said third fluid conduits. In certain cases, said
waste storage container or tank includes a sealed waste
container for storing loose particulates collected by the first
collecting apparatus and for storing liquid collected by the
second collecting apparatus and having at least one access
port formed therein for emptying waste from the container;
and a plenum incorporated into a top wall of the sealed
container such that the plenum is disposed vertically above
the sealed waste container during operation of the cleaning
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apparatus; and wherein the plenum is configured with ports
for fluidly interposing within each of said first, said second
and said third fluid conduits.

In some embodiments, the waste storage container is
configured to be removable from the chassis by a user and
to be emptied by the user. Certain other embodiments
include a cleaning fluid applicator assembly, attached to the
chassis between the first collecting apparatus and the second
collecting apparatus for applying a cleaning fluid onto the
surface across the cleaning width; and a sealed cleaning fluid
storage container or tank for holding a supply of the cleaning
fluid therein the storage container including at least one
access port formed therein for filling the container with the
cleaning fluid. In other embodiments, said sealed waste
container and said sealed cleaning fluid container are inte-
grated into a liquid storage container module and wherein
the integrated liquid storage container module is configured
to be removable from the chassis by a user for filling with
cleaning fluid and for emptying waste therefrom. In some
embodiments, the surface cleaning apparatus further
includes a smearing element attached the chassis aft of the
liquid applicator assembly and configured to smear the
cleaning fluid across the cleaning width; and a scrubbing
element, scrub brush, wiper, or wipe cloth attached to the
chassis aft of the smearing element or spreader brush for
scrubbing the surface across the cleaning width. In some
embodiments, the surface cleaning apparatus further com-
prises a motive drive subsystem controlled by a master
control module and power by a power module, each attached
to the chassis, for autonomously transporting the surface
cleaning apparatus over the surface. A pad, cloth, or other
absorbent wiper extending essentially across the cleaning
width may be placed before or after the cleaning head to
prepare the surface or absorb wetness behind the cleaning
head as appropriate. The entire cleaning head is formed from
materials that withstand water and temperature extremes
sufficient for the cleaning head to be “dishwasher safe.”

In other embodiments, the surface cleaning apparatus
further includes a sensor module configured to sense con-
ditions and to generate electrical sensor signals in response
to sensing said conditions; a signal line for communicating
the electrical sensor signals to the master control module;
and a controller incorporated within the master control
module for implementing predefined operating modes in
response to sensing said conditions. Still other embodiments
include a motive drive subsystem controlled by a master
control module and power by a power module, each attached
to the chassis, for autonomously transporting the surface
cleaning apparatus over the surface. Other embodiments of
the surface cleaning apparatus further include a sensor
module configured to sense conditions and to generate
electrical sensor signals in response to sensing said condi-
tions; a signal line for communicating the electrical sensor
signals to the master control module; and a controller
incorporated within the master control module for imple-
menting predefined operating modes in response to sensing
said conditions.

In yet another aspect, the invention relates to a surface
cleaning apparatus having an autonomous transport drive
subsystem controlled by a master control module, a sensor
module for sensing conditions, a power module and cleaning
elements all supported on a chassis and powered by the
power module for moving the chassis over the surface in
accordance with predefined operating modes and in response
to conditions sensed by the sensor module, the elements
being configured with a cleaning width disposed generally
orthogonal to a forward transport direction and wherein the
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cleaning elements comprise; a first collecting apparatus for
collecting loose particulates from the surface across the
cleaning width, said first collecting apparatus A being posi-
tioned on the chassis to advance over the surface first as the
chassis is transported in a forward transport direction; a
cleaning fluid applicator for applying cleaning fluid onto the
surface across the cleaning width, said cleaning fluid appli-
cator being positioned on the chassis to advance over the
surface second as the chassis is transported in a forward
transport direction; a smearing element for smearing the
cleaning fluid applied onto the surface across the cleaning
width, said smearing element or spreader brush being posi-
tioned on the chassis to advance over the surface third as the
chassis is transported in a forward transport direction; an
active scrubbing element for actively scrubbing the surface
across the cleaning width, said active scrubbing element
being positioned on the chassis to advance over the surface
fourth as the chassis is transported in a forward transport
direction; a second collecting apparatus for collecting waste
liquid from the surface, said second collecting apparatus
being positioned on the chassis to advance over the surface
fifth as the chassis is transported in a forward transport
direction; and, an integrated storage container or tank mod-
ule comprising a waste storage container for storing loose
particulates collected by said first collecting apparatus and
waste liquid collected by said second collecting apparatus, a
cleaning fluid supply container for storing a supply of the
cleaning fluid, and wherein the integrated storage container
or tank module is configured to be removed from the chassis
by a user, filled with cleaning fluid and emptied of waste and
then reinstalled onto the chassis by the user.

In yet an additional aspect, the invention relates to a
surface cleaning apparatus having a chassis defined by a
fore-aft axis and a perpendicular transverse axis for sup-
porting cleaning elements thereon and for transporting the
cleaning elements over the surface along the fore-aft axis
and wherein the cleaning elements are disposed to clean
across a cleaning width disposed generally orthogonal to the
fore-aft axis with a left end and a right end defining opposing
edges of the cleaning width; and a liquid applicator com-
prising at least one nozzle disposed at one of said left end
and said right end for ejecting cleaning fluid therefrom, said
cleaning fluid being ejected with sufficient volume and
pressure to distribute cleaning fluid across the cleaning
width. In certain embodiments of the above aspect, the
cleaning fluid comprises water and/or any one of soap,
solvent, fragrance, disinfectant, emulsifier, drying agent and
abrasive particulates.

In some embodiments of the above aspect, the apparatus
includes a smearing element attached to the chassis aft of the
position of the at least one nozzle and extending from the
chassis to the surface across the cleaning width for smearing
the cleaning fluid, and may include a scrubbing element
attached to the chassis aft of the position of the at least one
nozzle and extending from the chassis to the surface across
the cleaning width for scrubbing the surface. In some
embodiments, the scrubbing element is attached to the
chassis aft of the position of the at least one nozzle and
extending from the chassis to the surface across the cleaning
width for scrubbing the surface. The cleaning apparatus may
also include a collecting apparatus attached to the chassis aft
of'the position of the at least one nozzle and extending from
the chassis to the surface across the cleaning width for
collecting waste liquid from the surface. In some embodi-
ments, the liquid applicator a first nozzle disposed at the left
end for ejecting cleaning fluid therefrom, said cleaning fluid
being ejected from the first nozzle with sufficient volume
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and pressure to distribute cleaning fluid across the cleaning
width, a second nozzle disposed at the right end for ejecting
cleaning fluid therefrom, said cleaning fluid being ejected
from the second nozzle with sufficient volume and pressure
to distribute cleaning fluid across the cleaning width; and
wherein the first nozzle and the second nozzle are co-located
on the fore-aft axis.

In certain embodiments of the above aspect each of the
first and second nozzles ejects a discrete burst cleaning fluid
in accordance with a burst frequency and wherein the burst
frequency of the first nozzle is substantially opposite in
phase with respect to the burst frequency of the second
nozzle. In some embodiments, the surface cleaning appara-
tus also includes an autonomous transport drive subsystem,
a sensor module for sensing conditions and a power module
all supported by the chassis and controlled by a master
control module to autonomously move the cleaning ele-
ments substantially over the entire surface over the surface
in accordance with predefined operating modes and in
response to conditions sensed by the sensor module. Still
other embodiments utilize an autonomous transport drive
subsystem, a sensor module for sensing conditions and a
power module all supported by the chassis and controlled by
a master control module to autonomously move the cleaning
elements substantially over the entire surface over the sur-
face in accordance with predefined operating modes and in
response to conditions sensed by the sensor module.

Other embodiments of the above aspect include an
autonomous transport drive subsystem, a sensor module for
sensing conditions and a power module all supported by the
chassis and controlled by a master control module to autono-
mously move the cleaning elements substantially over the
entire surface over the surface in accordance with predefined
operating modes and in response to conditions sensed by the
sensor module. In some embodiments, the master control
module is configured to vary the burst frequency in accor-
dance with a desired rate for applying cleaning fluid onto
surface, and in some cases, the master control module is
configured to vary the burst frequency to apply cleaning
fluid onto the surface at a substantially uniform volume of
approximately 2 ml per square foot.

In some embodiments, the surface cleaning apparatus also
includes a liquid storage container, carried on the chassis, for
storing a supply of the cleaning fluid therein; a diaphragm
pump assembly configured with a first a first pump portion
for drawing cleaning fluid from the container and for deliv-
ering the cleaning fluid to the at least one nozzle; and a
mechanical actuator for mechanically actuating the first
pump portion. Still other embodiments include an autono-
mous transport drive subsystem, a sensor module for sensing
conditions and a power module all supported by the chassis
and controlled by a master control module to autonomously
move the cleaning elements substantially over the entire
surface over the surface in accordance with predefined
operating modes and in response to conditions sensed by the
sensor module; a liquid storage container, carried on the
chassis, for storing a supply of the cleaning fluid therein; a
diaphragm pump assembly having a first a first pump portion
for drawing cleaning fluid from the container and for deliv-
ering the cleaning fluid to the first nozzle and a second pump
portion for drawing cleaning fluid from the container and for
delivering the cleaning fluid to the second nozzle; and a
mechanical actuator for mechanically actuating the first
pump portion and the second pump portion.

In certain embodiments of the above aspect, the dia-
phragm pump assembly includes a flexible element mounted
between a non-flexible upper chamber element and a non-
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flexible lower chamber element, said flexible element being
formed with a first pump chamber and a first actuator nipple
attached thereto and a second pump chamber and a second
actuator nipple attached thereto; an actuator link pivotally
attached to the pump assembly for pivoting between a first
actuator position and a second actuator position, the actuator
link being fixedly attached to each of said first and said
second actuator nipples and wherein movement of the
actuator link toward the first actuator position decreases the
volume the first pump chamber and increases the volume of
the second pump chamber and further wherein movement of
the actuator link toward the second actuator position
increases the volume the first pump chamber and decreases
the volume of the second pump chamber; a cam element
configured with a circumferential cam profile and supported
to move the actuator link between the first actuator position
and the second actuator position; and a cam rotary drive,
controlled by the master controller, for rotating the cam
element in accordance with a cam rotary drive pattern.

In another aspect, the invention relates to a method for
cleaning a surface with a cleaning apparatus, the method
including the steps of transporting a chassis over the surface
in a forward transport direction defined by a defined by a
fore-aft axis, said chassis including cleaning elements sup-
ported thereon, and wherein the cleaning elements have a
cleaning width disposed generally orthogonal to the fore-aft
axis and wherein the cleaning width has a left end and an
opposing right end; and ejecting a volume of cleaning fluid
from a first nozzle attached to the chassis at one of said left
end and said right end, said first nozzle being configured to
eject cleaning fluid therefrom, said cleaning fluid being
ejected with sufficient volume and pressure to distribute
cleaning fluid across the cleaning width. In certain embodi-
ments, the method may also include ejecting a volume of
cleaning fluid from a second nozzle attached to the chassis
at the other of said left end and said right end and co-located
on the fore-aft axis with respect to the first nozzle, said
second nozzle being configured to eject cleaning fluid there-
from, said cleaning fluid being ejected with sufficient vol-
ume and pressure to distribute cleaning fluid across the
cleaning width; and ejecting cleaning fluid from each of the
first nozzle and the second nozzle in discrete bursts of
cleaning fluid in accordance with a burst frequency and
wherein the burst frequency of the first nozzle is substan-
tially opposite in phase with respect to the burst frequency
of the second nozzle.

In still other embodiments, the method includes smearing
the cleaning fluid across the cleaning width using a smearing
element or spreader brush attached to the chassis aft of the
colocated position of the first nozzle and the second nozzle,
said smearing element extending across the cleaning width.
Other embodiments may include scrubbing the surface
across the cleaning width using a scrubbing element, scrub
brush, wiper, or wipe cloth attached to the chassis aft of the
co-located position of the first nozzle and the second nozzle,
said scrubbing element extending across the cleaning width.
Still other embodiments include collecting waste liquid from
the surface across the cleaning width using a collecting
apparatus attached to the chassis aft of the co-located
position of the first nozzle and the second nozzle, said
collecting apparatus extending across the cleaning width. In
some embodiments of the method of the above aspect, the
chassis further includes an autonomous transport drive sub-
system, a sensor module for sensing conditions and a power
module all supported thereon and controlled by a master
control module and wherein transporting the chassis over the
surface further includes controlling the transport drive sub-
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system in accordance with predefined operating modes and
in response to conditions sensed by the sensor module to
transport the cleaning elements substantially over the entire
surface.

According to one aspect of the present invention, a
surface treatment robot includes a robot body having an
outer perimeter formed substantially as a shape of constant
width, driven forward by at least one circulating member,
and a dispensed material compartment that holds material to
be dispensed by the robot. A wet cleaning head that employs
one or more wet cleaning member(s) to clean along a
cleaning width line of the robot with the assistance of
dispensed material, the wet cleaning head defining a clean-
ing width. A waste material compartment holds material
picked up by the robot. Each of the dispensed material
compartment and waste material compartment being shaped
and positioned to place the center of gravity of the dispensed
material compartment volume less than %2 of the cleaning
width from the center of gravity of the waste material
compartment volume.

For example, one embodiment of the robot has a cleaning
width of about 30 cm, and each of these centers of gravity
is less than 15 cm from the other. The center of gravity of the
volume is readily understood as the center of the empty
volume; however, it may also be understood as the center of
gravity of a body of fluid filling the volume (most fluids
discussed herein would approximate the specific gravity of
water). Surface treatment includes cleaning and other treat-
ments as discussed herein. The shapes of constant width are
also defined herein, noting that not all such shapes are
regular, and that one embodiment of the robot is substan-
tially cylindrical. The wet cleaning member includes
brushes, sponges, wipers, and the like. A circulating member
would include a rotating wheel, a rotating brush, and/or one
or more circulating belts or webs. The material need not be
wet, although most would be.

Optionally, each of the dispensed material compartment
and waste material compartment is shaped and positioned to
place the combined center of gravity of the dispensed
material compartment volume and the waste material com-
partment volume less than Y2 the cleaning width from a
center of the at least one circulating member. The center of
a rotating brush would be the midpoint along the axis, the
center of a rotating belt would be along the midpoint of the
contact area with the surface. Further optionally, each of the
dispensed material compartment and waste material com-
partment are shaped and positioned to place of the center of
gravity of the dispensed material compartment volume sub-
stantially directly above or below the center of gravity of the
waste material compartment volume. “Substantially
directly” means, in one instance, above or below one another
and vertical normals from each center of gravity are within
V4 of the cleaning width from one another.

According to another aspect of the invention, a surface
treatment robot includes a robot body having an outer
perimeter formed substantially as a shape of constant width,
and at least two circulating drive members that drive the
robot body forward and steer the robot body. A dispensed
fluid compartment that holds fluid to be dispensed by the
robot; and a powered scrubber drives at least one scrubbing
element to clean, with the assistance of dispensed fluid,
substantially along a line of maximum width of the shape of
constant width, the driven scrubbing element extending to
substantially within 1 cm of a tangential edge of the robot
body. By placing the scrubber along the line of maximum
width of a constant width shape such as a cylinder, the edge
of the cleaning area can be brought to the edge of the robot,
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permitting the robot to edge clean within 1 cm of a wall.
Placing the wheels along the line of maximum width would
prevent this. Again, circulating includes rotating members
such as wheels or brushes, but also circulating belts or webs.

If the cleaning head is along the maximum width, the
widest cleaning head can be obtained by placing the least
two circulating drive members are placed along a line at
which the width of the robot is less than the maximum width
of the robot. Optionally, the robot also includes a wet
vacuum that picks up the dispensed fluid after the scrubbing
element has cleaned with the assistance of the dispensed
fluid, and a waste fluid compartment that holds fluid picked
up by the wet vacuum unit. The waste fluid compartment and
dispensed fluid compartment may be integral compartments
within a same fluid tank module that is readily removable as
a module from the robot body.

According to another aspect of the invention, a surface
treatment robot includes robot body having an outer perim-
eter formed substantially as a shape of constant width,
driven forward by at least one rotating member, and a
dispensed fluid compartment that holds fluid to be dispensed
by the robot. A powered wet cleaning head employs at least
one powered wet cleaning member to clean a cleaning width
along a cleaning width line of the robot with the assistance
of dispensed fluid. A waste material compartment holds
waste fluid picked up by the robot. The wet cleaning head
has a cleaning width with respect to total robot mass of the
robot body, dispensed material compartment when empty,
wet cleaning head, and waste material compartment when
full of waste fluid picked up by the robot, of more than or
equal to three centimeters of cleaning width per kilogram of
total robot mass.

An example robot according to the invention has a
cleaning width of about 30 cm, and a mass of about 3-5 kg.
Such a robot has about 10 cm to about 6 cm of powered
cleaning width per kilogram of fully loaded robot, a less
efficient version, but still acceptable, could be 3 cm of
powered cleaning width per kilogram of robot mass. This
cleaning width permits sufficient work to be done per unit
time, and the amount of weight is sufficient to provide
enough traction for the cleaning width. Moreover, the robot
does not become excessively large or inefficient by limiting
the amount of weight. This combination provides the best
balance of cleaning time versus maneuverability versus
manageability.

Optionally, the powered wet cleaning head includes a
powered circulating scrubber that scrubs the surface to be
cleaned along a cleaning width line of the robot with the
assistance of dispensed fluid. Further, the powered wet
cleaning head may include a powered wet vacuum that picks
up the waste fluid. Each of these contributes to the cleaning
width, and may contribute either to drag or to motive force.
The weight placed on the cleaning width may be limited to
reduce or otherwise limit the amount of drag.

According to yet another aspect of the invention, a surface
treatment robot includes a robot body having an outer
perimeter formed substantially as a shape of constant width,
driven forward by at least one rotating member, and a wet
cleaning head that employs at least one circulating wet
cleaning member to clean a cleaning width along a cleaning
width line of the robot with the assistance of dispensed fluid.
A tank that accommodates a fluid compartment stores fluid,
and the robot body includes a mount that receives the tank.
A fluid connection between the tank and the robot body and
a vacuum connection between the tank and the robot body
are provided. A coupling mechanically engages the tank to
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the robot body, the engagement of the coupling simultane-
ously sealing both the fluid connection and the vacuum
connection.

With this construction, the robot may be prepared for use
with one coupling, which completes form of the robot, the
mechanical integrity of the robot, the vacuum connection
(and seal) and fluid connection (and seal).

Optionally, the tank forms at least one quarter of the outer
profile of the robot, wherein engagement of the coupling
engagement of completes a substantially smooth outer pro-
file of the robot. Alternatively, the tank forms at least one
quarter of the outer peripheral surface of the robot including
a part of the perimeter of the shape of constant width, and
wherein engagement of the coupling engagement of sub-
stantially completes the perimeter of the shape of constant
width. In either case, the robot is permitted to autonomously
turn to escape confined spaces and corners by virtue of the
outer profile, and space is efficiently maximized by avoiding
the use of double and triple walls to house the tank within
the robot body.

In one embodiment, a method for controlling a mobile
robot may include spinning a brush in a first direction when
the mobile robot moves forward; and deactivating the
sweeping brush when the mobile robot moves in a reverse
direction. In accordance with another embodiment, a method
for controlling a mobile robot may include distributing fluid
via a pump when the mobile robot operates in a cleaning
mode; and deactivating the pump when the mobile robot is
not moving forward. In accordance with yet another
embodiment, a method for controlling a mobile robot may
include traversing a cleaning surface and distributing clean-
ing fluid on the cleaning surface during a cleaning cycle; and
traversing the cleaning surface without distributing the
cleaning fluid on the cleaning surface during a drying cycle.
Also, the method may further include transitioning from the
cleaning cycle to the drying cycle when a power supply
voltage declines; or applying vacuum suction to the cleaning
surface when the mobile robot operates in the drying mode.
In accordance with another embodiment, a method for
sensing fluid in a mobile robot having at least first and
second electrodes may include swapping polarity between
the first and second electrode; detecting a resistance between
the first and second electrodes; and determining whether
fluid is present based on the detected resistance between the
first and second electrodes.

In another aspect, the invention relates to a liquid cleaner
utilized with a robot cleaner, wherein the cleaner includes
alkyl polyglucoside (for example, at 1-3% concentration)
and tetrapotassium ethylenediamine-tetraacetate (tetrapotas-
sium EDTA) (for example, at 0.5-1.5% concentration).

In another aspect, the invention relates to a tire material
including a chloroprene homopolymer stabilized with thi-
uram disulfide black with a density of 14-16 pounds per
cubic foot, or approximately 15 pounds per cubic foot
foamed to a cell size of 0.1 mm plus or minus 0.02 mm. In
certain embodiments, the tire has a post-foamed hardness of
about 69 to 75 Shore 00. In other embodiments of the above
aspects, the invention relates to tires, including, for example,
those made of neoprene and chloroprene, and other closed
cell rubber sponge materials. Tires made of polyvinyl chlo-
ride (PVC) and acrylonitrile-butadiene (ABS) (with or with-
out other extractables, hydrocarbons, carbon black, and ash)
may also be used.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention will best be under-
stood from a detailed description of the invention and a
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preferred embodiment thereof selected for the purposes of
illustration and shown in the accompanying drawings in
which:

FIG. 1 depicts an isometric view of a top surface of an
autonomous cleaning robot according to the present inven-
tion.

FIG. 2 depicts an isometric view of a bottom surface of a
chassis of an autonomous cleaning robot according to the
present invention.

FIG. 3 depicts an exploded view of a robot chassis having
robot subsystems attached thereto according to the present
invention.

FIG. 4 depicts a schematic block diagram showing the
interrelationship of subsystems of an autonomous cleaning
robot according to the present invention.

FIG. 5 depicts a schematic representation of a liquid
applicator assembly according to the present invention.

FIG. 6 depicts a schematic section view taken through a
stop valve assembly installed within a cleaning fluid supply
tank according to the present invention.

FIG. 7 depicts a schematic section view taken through a
pump assembly according to the present invention.

FIG. 8 depicts a schematic top view of a flexible element
used as a diaphragm pump according to the present inven-
tion.

FIG. 9 depicts a schematic top view of a nonflexible
chamber element used in the pump assembly according to
the present invention.

FIG. 10 depicts a schematic exploded isometric view of a
scrubbing module according to the present invention.

FIG. 11 depicts an isometric rotatable scrubbing brush
according to the present invention.

FIG. 12A depicts a schematic section view taken through
a second collecting apparatus used for collecting waste
liquid according to the present invention.

FIG. 12B depicts a schematic section view of an alterna-
tive collecting apparatus used for collecting waste liquid
according to the present invention.

FIG. 13 is a schematic block diagram showing elements
of'a drive module used to rotate the scrubbing brush accord-
ing to the present invention.

FIG. 14 is a schematic representation of an air moving
system according to the present invention.

FIG. 15 depicts a schematic exploded isometric view of a
fan assembly according to the present invention.

FIG. 16 depicts a schematic exploded isometric view
showing elements of an integrated liquid storage module
according to the present invention.

FIG. 17 depicts an external view of the integrated liquid
storage module removed from the cleaning robot according
to the present invention.

FIG. 18 depicts a schematic exploded view of a nose
wheel module according to the present invention.

FIG. 19 depicts a schematic section view taken through a
nose wheel assembly according to the present invention.

FIG. 20 depicts a schematic exploded view of a drive
wheel assembly according to the present invention.

FIG. 21 depicts an exploded view of a robot chassis
having robot subsystems attached thereto according to an
embodiment of the present invention.

FIG. 22 depicts an exploded view of a robot chassis
having robot subsystems attached thereto according to an
embodiment of the present invention.

FIG. 23 depicts an exploded isometric view of a cleaning
head or scrubbing module in accordance with one embodi-
ment of the present invention.
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FIG. 24 depicts an isometric view of a fan assembly in
accordance with one embodiment of the present invention.

FIG. 25 depicts an exploded isometric view of a fan
assembly in accordance with one embodiment of the present
invention.

FIG. 26 depicts an exploded isometric view of a fan
assembly in accordance with one embodiment of the present
invention.

FIG. 27 depicts an exploded view of a robot chassis
having an integrated tank according to an embodiment of the
present invention.

FIG. 28 depicts a plan view of a sealing flap and airfoil
within the plenum of the integrated tank depicted in FIG. 27.

FIG. 29 depicts a side section view of the sealing flap and
airfoil within the plenum of the integrated tank depicted in
FIG. 28.

FIG. 30 is an isometric view of the sealing flap, airfoil,
and a foam/airflow wall in accordance with one embodiment
of the present invention.

FIG. 31 is a side section view of a sealing flap and
pendulum in accordance with one embodiment of the pres-
ent invention.

FIG. 32 is an isometric view of a foam blocking wall
within the integrated tank in accordance with one embodi-
ment of the present invention

FIG. 33 depicts a schematic exploded view of a nose
wheel module in accordance with one embodiment of the
present invention.

FIG. 34 depicts a side view of the nose wheel module of
FIG. 33.

FIG. 35 depicts a front view of the nose wheel module of
FIG. 33.

FIG. 36 depicts a series of maintenance steps for main-
taining and servicing a embodiment of the robot of the
present invention.

FIGS. 37-41 depict a steps of robot maintenance as
identified in FIG. 36.

FIG. 42 depicts a side schematic view of a cleaning head
and squeegee in accordance with another embodiment of the
present invention.

FIG. 43 depicts a perspective view of the cleaning head
and squeegee depicted in FIG. 42.

FIG. 44 depicts another side schematic view of the
cleaning head and squeegee depicted in FIG. 42.

FIG. 45 depicts a third side schematic view of the
cleaning head and squeegee depicted in FIG. 42.

FIG. 46 depicts a cleaning path for a mobile robot in
accordance with one embodiment of the present invention.

FIG. 47 depicts a mobile robot having left and right drive
wheels positioned along a central diameter of the chassis, in
accordance with one embodiment of the invention.

FIG. 48 depicts a mobile robot having left and right drive
wheels positioned on the aft bottom portion of the chassis,
in accordance with another embodiment of the invention.

FIG. 49 depicts an offset diameter robot positioned a
distance d from a wall.

FIG. 50 depicts a control sequence for turning a robot
with respect to a wall.

FIG. 51 depicts a first phase of a sequence for estimating
a wall angle, in accordance with one embodiment of the
invention.

FIG. 52 depicts a second phase of a sequence for esti-
mating a wall angle, in accordance with one embodiment of
the invention.

FIG. 53 depicts an obstacle avoidance sequence, in accor-
dance with one embodiment of the invention, for backing a
robot away from an obstacle.
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FIG. 54 depicts a panic spin sequence for a mobile robot,
in accordance with one embodiment of the invention.

FIG. 55 depicts a wheel drop response sequence for a
mobile robot, in accordance with one embodiment of the
invention.

FIG. 56 depicts one embodiment of a brush control
sequence in accordance with a wet cleaning mobile robot.

FIG. 57 depicts a graph of current drawn by a robot motor
versus time over at least one rotation cycle.

FIG. 58 depicts one embodiment of a sequence for
pseudo-autocorrelation for a pump control process for a wet
cleaning mobile robot.

FIG. 59 depicts one embodiment of a sequence for
implementing a stuck behavior for a wet cleaning robot.

FIG. 60 depicts one embodiment of a fluid sensing circuit
diagram for a wet cleaning mobile robot.

FIG. 61A depicts one commercial embodiment of the
robot of the present invention, including accessories.

FIG. 61B depicts various views of one commercial
embodiment of the robot of the present invention.

FIG. 62 depicts one embodiment of a control panel and
user interface used with one embodiment of the robot.

FIG. 63 depicts another embodiment of a control panel
and user interface used with one embodiment of the robot.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Referring now to the drawings where like reference
numerals identify corresponding or similar elements
throughout the several views, FIG. 1 depicts an isometric
view showing the external surfaces of an autonomous clean-
ing robot 100 according to a preferred embodiment of the
present invention. The robot 100 is configured with a
cylindrical volume having a generally circular cross-section
102 with a top surface and a bottom surface that is substan-
tially parallel and opposed to the top surface. The circular
cross-section 102 is defined by three mutually perpendicular
axes; a central vertical axis 104, a fore-aft axis 106, and a
transverse axis 108. The robot 100 is movably supported
with respect to a surface to be cleaned, hereinafter, the
cleaning surface. The cleaning surface is substantially hori-
zontal.

The robot 100 is generally supported in rolling contact
with the cleaning surface by a plurality of wheels or other
rolling elements attached to a chassis 200. In a preferred
embodiment, the fore-aft axis 108 defines a transport axis
along which the robot is advanced over the cleaning surface.
The robot is generally advanced in a forward or fore travel
direction, designated F, during cleaning operations. The
opposite travel direction, (i.e. opposed by 180°), is desig-
nated A for aft. The robot is generally not advanced in the aft
direction during cleaning operations but may be advanced in
the aft direction to avoid an object or maneuver out of a
corner or the like. Cleaning operations may continue or be
suspended during aft transport. The transverse axis 108 is
further defined by the labels R for right and L for left, as
viewed from the top view of FIG. 1. In subsequent figures,
the R and L direction remain consistent with the top view,
but may be reversed on the printed page. In a preferred
embodiment of the present invention, the diameter of the
robot circular cross-section 102 is approximately 370 mm
(14.57 inches) and the height of the robot 100 above the
cleaning surface of approximately 85 mm (3.3 inches).
However, the autonomous cleaning robot 100 of the present
invention may be built with other cross-sectional diameter
and height dimensions, as well as with other cross-sectional
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shapes, e.g. square, rectangular and triangular, and volumet-
ric shapes, e.g. cube, bar, and pyramidal.

The robot 100 may include a user input control panel, not
shown, disposed on an external surface, e.g. the top surface,
with one or more user manipulated actuators disposed on the
control panel. Actuation of a control panel actuator by a user
generates an electrical signal, which is interpreted to initiate
a command. The control panel may also include one or more
mode status indicators such as visual or audio indicators
perceptible by a user. In one example, a user may set the
robot onto the cleaning surface and actuate a control panel
actuator to start a cleaning operation. In another example, a
user may actuate a control panel actuator to stop a cleaning
operation.

FIG. 21 shows the four main modules substantially as
they are normally arranged: a tank 800, a top, a battery 201,
a robot body 200, and a cleaning head 600 within the robot
body 200. The robot itself supports the battery 201 in a
battery socket, and an integrated tank 800 is supported on
top of both the robot and the battery 201. The internal lower
surface of the tank 800 and the internal upper surface of the
robot body 200 are configured to substantially conform with
the shape of the battery 201. As discussed herein, the battery
201 may be replaced by levering the tank 800 on its pivot but
not necessarily lifting or removing the tank 800. Addition-
ally, as shown in FIG. 21, the cleaning head 600 may be
inserted from the right side of the robot in a sliding motion
without removing the tank 800 or battery 201, and in this
configuration may be removed from the robot body 200 for
cleaning in the middle of a cleaning cycle or otherwise. FIG.
21 also shows the control panel 330 for the robot, which is
detailed below.

As shown in FIG. 21, the tank 800 has a handle as
described herein in detail, which has a detent click lock,
slightly lifts from the tank when lifted, and otherwise as
described. When the tank 800 is mounted to the body 200,
this handle is for the entire robot. When the tank 800 is
detached from the robot, this handle is for the tank 800
alone. However, a second handle is formed in the robot
body, as shown in FIG. 21, an indentation underneath the
control panel 330. Accordingly, when the tanks 800 and the
base unit 200 are separated, each has its own handle. When
the tanks 800 and base unit 200 are reintegrated, the main
handle serves for carrying both. The same handle is both a
latch for tank removal when pushed in one direction and an
interlock against removal when it is held in the other
direction.

Exemplary Cleaning Systems

Referring now to FIG. 2, the autonomous robot 100
includes a plurality of cleaning modules supported on a
chassis 200 for cleaning the substantially horizontal cleaning
surface as the robot is transported over the cleaning surface.
The cleaning modules extend below the robot chassis 200 to
contact or otherwise operate on the cleaning surface during
cleaning operations. More specifically, the robot 100 is
configured with a first cleaning zone A for collecting loose
particulates from the cleaning surface and for storing the
loose particulates in a receptacle carried by the robot. The
robot 100 is further configured with a second cleaning zone
B that at least applies a cleaning fluid onto the cleaning
surface. The cleaning fluid may be clean water alone or clean
water mixed with other ingredients to enhance cleaning. The
application of the cleaning fluid serves to dissolve, emulsify
or otherwise react with contaminants on the cleaning surface
to separate contaminants therefrom. Contaminants may
become suspended or otherwise combined with the cleaning
fluid. After the cleaning fluid has been applied onto the
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surface, it mixes with contaminants and becomes waste
material, e.g. a liquid waste material with contaminants
suspended or otherwise contained therein.

The underside of the robot 100 is shown in FIG. 2 which
depicts a first cleaning zone A disposed forward of the
second cleaning zone B with respect to the fore-aft axis 106.
Accordingly, the first cleaning zone A precedes the second
cleaning zone B over the cleaning surface when the robot
100 travels in the forward direction. The first and second
cleaning zones are configured with a cleaning width W that
is generally oriented parallel or nearly parallel with the
transverse axis 108. The cleaning width W defines the
cleaning width or cleaning footprint of the robot. As the
robot 100 advances over the cleaning surface in the forward
direction, the cleaning width is the width of cleaning surface
cleaned by the robot in a single pass. Ideally, the cleaning
width extends across the full transverse width of the robot
100 to optimize cleaning efficiency; however, in a practical
implementation, the cleaning width is slightly narrower that
the robot transverse width due to spatial constraints on the
robot chassis 200.

According to the present invention, the robot 100 tra-
verses the cleaning surface in a forward direction over a
cleaning path with both cleaning zones operating simulta-
neously. In a preferred embodiment, the nominal forward
velocity of the robot is approximately 4.75 inches per second
however; the robot and cleaning devices may be configured
to clean at faster and slower forward velocities. In order to
cover a room in adequate time, the range of reasonable
velocities is approximately 2 to 10 inches per second. The
first cleaning zone A precedes the second cleaning zone B
over the cleaning surface and collects loose particulates
from the cleaning surface across the cleaning width W. The
second cleaning zone B applies cleaning fluid onto the
cleaning surface across the cleaning width W. The second
cleaning zone may also be configured to smear the cleaning
fluid applied onto the cleaning surface to smooth the clean-
ing fluid into a more uniform layer and to mix the cleaning
fluid with contaminants on the cleaning surface. The second
cleaning zone B may also be configured to scrub the
cleaning surface across the cleaning width. The scrubbing
action agitates the cleaning fluid to mix it with contaminants.
The scrubbing action also applies a shearing force against
contaminants to thereby dislodge contaminants from the
cleaning surface. The second cleaning zone B may also be
configured to collect waste liquid from cleaning surface
across the cleaning width. According to the invention, a
single pass of the robot over a cleaning path first collects
loose particulates up from the cleaning surface across the
cleaning width and thereafter applies a cleaning fluid onto
the cleaning surface generally across the cleaning width W
to interact with contaminants remaining on the cleaning
surface and may further apply a scrubbing action to dislodge
contaminants from the cleaning surface. A single pass of the
robot 100 over a cleaning path may also smear the cleaning
fluid more uniformly on the cleaning surface. A single pass
of the robot over a cleaning path may also collect waste
liquid up from the cleaning surface. The robot may, how-
ever, be designed to leave a certain amount of fluid behind
on each pass or on some passes (e.g., to provide time for the
cleaning liquid to work on dried material or stubborn stains).

In general, the cleaning robot 100 is configured to clean
uncarpeted indoor hard floor surface, e.g. floors covered
with tiles, wood, vinyl, linoleum, smooth stone or concrete
and other manufactured floor covering layers that are not
overly abrasive and that do not readily absorb liquid. Other
embodiments, however, may be adapted to clean, process,
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treat, or otherwise traverse abrasive, liquid-absorbing, and
other surfaces. In addition, in a preferred embodiment of the
present invention, the robot 100 is configured to autono-
mously transport over the floors of small enclosed furnished
rooms such as are typical of residential homes and smaller
commercial establishments. The robot 100 is not required to
operate over predefined cleaning paths but may move over
substantially all of the cleaning surface area under the
control of various transport algorithms designed to operate
irrespective of the enclosure shape or obstacle distribution.
In particular, the robot 100 of the present invention moves
over cleaning paths in accordance with preprogrammed
procedures implemented in hardware, software, firmware, or
combinations thereof to implement a variety of modes, such
as three basic operational modes, i.e., movement patterns,
that can be categorized as: (1) a “spot-coverage” mode; (2)
a “wall/obstacle following” mode; and (3) a “bounce” mode.
In addition, the robot 100 is preprogrammed to initiate
actions based upon signals received from sensors incorpo-
rated therein, where such actions include, but are not limited
to, implementing one of the movement patterns above, an
emergency stop of the robot 100, or issuing an audible alert.
These operational modes of the robot of the present inven-
tion are specifically described in U.S. Pat. No. 6,809,490, by
Jones et al., entitled, Method and System for Multi-Mode
Coverage for an Autonomous Robot, the entire disclosure of
which is herein incorporated by reference it its entirety.
However, the present disclosure also describes alternative
operational modes.

In one embodiment, the robot 100 is configured to clean
approximately 150 square feet of cleaning surface in a single
cleaning operation. A larger or smaller tank may permit this
to range from 100 square feet to 400 square feet. The
duration of the cleaning operation is approximately 45
minutes in certain embodiments. The example of 45 minutes
is with a single battery. In embodiments with smaller, larger,
or 2 or more batteries on board, the cleaning time may range
from about 20 minutes to up to about 2 hours. Accordingly,
the robot systems are configured (physically, and as pro-
grammed) for unattended autonomous cleaning for 45 min-
utes or more without the need to recharge a power supply,
refill the supply of cleaning fluid or empty the waste
materials collected by the robot. Although certain embodi-
ments of the robot are designed for a small area rooms, there
is no minimum square footage or cleaning time. A robot
according to the invention could be configured with a tank
of virtually any size.

As shown in FIGS. 2 and 3 the robot 100 includes a
plurality of subsystems mounted to a robot chassis 200. The
major robot subsystems are shown schematically in FIG. 4
which depicts a master control module 300 interconnected
for two-way communication with each of a plurality of other
robot subsystems. The interconnection of the robot subsys-
tems is provided via network of interconnected wires and or
conductive elements, e.g. conductive paths formed on an
integrated printed circuit board or the like, as is well known.
The master control module 300 at least includes a program-
mable or preprogrammed digital data processor, e.g. a
microprocessor, for performing program steps, algorithms
and or mathematical and logical operations as may be
required. The master control module 300 also includes a
digital data memory in communication with the data pro-
cessor for storing program steps and other digital data
therein. The master control module 300 also includes one or
more clock elements for generating timing signals as may be
required.
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A power module 310 delivers electrical power to all of the
major robot subsystems. The power module includes a
self-contained power source attached to the robot chassis
200, e.g. a rechargeable battery, such as a nickel metal
hydride battery, or the like. In addition, the power source is
configured to be recharged by any one of various recharging
elements and or recharging modes, or the battery may be
replaced by a user when it becomes discharged or unusable.
The master control module 300 may also interface with the
power module 310 to control the distribution of power, to
monitor power use and to initiate power conservation modes
as required.

The robot 100 may also include one or more interface
modules or elements 320. Each interface module 320 is
attached to the robot chassis to provide an interconnecting
element or port for interconnecting with one or more exter-
nal devices. Interconnecting elements and ports are prefer-
ably accessible on an external surface of the robot. The
master control module 300 may also interface with the
interface modules 320 to control the interaction of the robot
100 with an external device. In particular, one interface
module element is provided for charging the rechargeable
battery via an external power supply or power source such
as a conventional AC or DC power outlet. Another interface
module element may be configured for one or two way
communications over a wireless network and further inter-
face module elements may be configured to interface with
one or more mechanical devices to exchange liquids and
loose particulates therewith, e.g. for filling a cleaning fluid
reservoir or for draining or emptying a waste material
container.

Accordingly, the interface module 320 may comprise a
plurality of interface ports and connecting elements for
interfacing with active external elements for exchanging
operating commands, digital data and other electrical signals
therewith. The interface module 320 may further interface
with one or more mechanical devices for exchanging liquid
and or solid materials therewith. The interface module 320
may also interface with an external power supply for charg-
ing the robot power module 310. Active external devices for
interfacing with the robot 100 may include, but are not
limited to, a floor standing docking station, a hand held
remote control device, a local or remote computer, a modem,
a portable memory device for exchanging code and or data
with the robot and a network interface for interfacing the
robot 100 with any device connected to the network. In
addition, the interface module 320 may include passive
elements such as hooks and or latching mechanisms for
attaching the robot 100 to a wall for storage or for attaching
the robot to a carrying case or the like.

In particular, an active external device according to one
aspect of the present invention confines the robot 100 in a
cleaning space such as a room by emitting radiation in a
virtual wall pattern. The robot 100 is configured to detect the
virtual wall pattern and is programmed to treat the virtual
wall pattern as a room wall so that the robot does not pass
through the virtual wall pattern. This particular aspect of the
present invention is specifically described in U.S. Pat. No.
6,690,134 by Jones et al., entitled Method and System for
Robot Localization and Confinement, the entire disclosure
of which is herein incorporated by reference it its entirety.

Another active external device according to a further
aspect of the present invention comprises a robot base
station used to interface with the robot. The base station may
comprise a fixed unit connected with a household power
supply, e.g. and AC power wall outlet and or other house-
hold facilities such as a water supply pipe, a waste drain pipe
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and a network interface. According to invention, the robot
100 and the base station are each configured for autonomous
docking and the base station may be further configured to
charge the robot power module 310 and to service the robot
in other ways. A base station and autonomous robot config-
ured for autonomous docking and for recharging the robot
power module is specifically described in U.S. patent appli-
cation Ser. No. 10/762,219, by Cohen, et al., filed on Jan. 21,
2004, entitled Autonomous Robot Auto-Docking and
Energy Management Systems and Methods, the entire dis-
closure of which is herein incorporated by reference it its
entirety.

The autonomous robot 100 includes a self-contained
motive transport drive subsystem 900 which is further
detailed below. The transport drive 900 includes three
wheels extending below the chassis 200 to provide three
points of rolling support with respect to the cleaning surface.
A nose wheel is attached to the robot chassis 200 at a
forward edge thereof, coaxial with the fore-aft axis 106, and,
a pair of drive wheels attached to the chassis 200 aft of the
transverse axis 108 and rotatable about a drive axis that is
parallel with the transverse axis 108. Each drive wheel is
separately driven and controlled to advance the robot in a
desired direction. In addition, each drive wheel is configured
to provide sufficient drive friction as the robot operates on a
cleaning surface that is wet with cleaning fluid. The nose
wheel is configured to self align with the direction of travel.
The drive wheels may be controlled to move the robot 100
forward or aft in a straight line or along an arcuate path.

The robot 100 further includes a sensor module 340. The
sensor module 340 comprises a plurality of sensors attached
to the chassis and or integrated with robot subsystems for
sensing external conditions and for sensing internal condi-
tions. In response to sensing various conditions, the sensor
module 340 may generate electrical signals and communi-
cate the electrical signals to the control module 300. Indi-
vidual sensors may perform such functions as detecting
walls and other obstacles, detecting drop offs in the cleaning
surface, called cliffs, detecting dirt on the floor, detecting
low battery power, detecting an empty cleaning fluid con-
tainer, detecting a full waste container, measuring or detect-
ing drive wheel velocity distance traveled or slippage,
detecting nose wheel rotation or cliff drop off, detecting
cleaning system problems such rotating brush stalls or
vacuum system clogs, detecting inefficient cleaning, clean-
ing surface type, system status, temperature, and many other
conditions. In particular, several aspects of the sensor mod-
ule 340 of the present invention as well as and its operation,
especially as it relates to sensing external elements and
conditions are specifically described in U.S. Pat. No. 6,594,
844, by Jones, entitled Robot Obstacle Detection System,
and U.S. patent application Ser. No. 11/166,986, by Casey et
al., filed on Jun. 24, 2005, entitled Obstacle Following
Sensor Scheme for a Mobile Robot, the entire disclosures of
which are herein incorporated by reference it their entireties.

One difference between the present robot and either the
dry vacuum robot or the large industrial cleaner is the
proximity of the control and sensor components to the wet
cleaning components. In most dry vacuuming robots, none
of the sensors or control elements are prone to being wet by
water or by more damaging cleaning fluids or solvents,
because no wet cleaners are used and no waste fluid is
generated. With a large industrial cleaner, the controls and
sensors can be placed as far as necessary from the cleaning
elements, perhaps a few feet away, and the only sensors that
need accommodate wetness are those for sensing fluid
levels.
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The present invention is contemplated for household use
(commercial and industrial use is also contemplated, but
these environments may require larger versions of the
robot). Accordingly, a household robot should be small and
squat, e.g., less than 4 inches from the ground, and around
a foot in diameter. Much of the volume is occupied by fluid
brushing, spinning, spraying, and blowing devices, and fluid
and/or foam penetrates most parts of the robot at one time or
another. At most, the control and sensor electronics will be
a few inches from the nearest fluid or foam torrent.

Accordingly, the invention contemplates that the entire
main control board will be fluid sealed, either in a water
resistant or waterproof housing having at least JIS grade 3
(mild spray) water/fluid resistance, but grade 5 (strong
spray) and grade 7 (temporary immersion) are also desirable.
The main control board should be sealed in a JIS grade 3-7
housing (1) by a screwed-down and gasketed cover over the
main housing; (2) by a welded, caulked, sealed, or glued
cover secured to the main housing; (3) by being pre-
assembled in a water resistant, water-tight, water-proof, or
hermetically sealed compartment or module; or (4) by being
positioned in a volume suitable for potting or pre-potted in
resin or the like.

Many sensor elements have a local small circuit board,
sometimes with a local microprocessor and/or A/D converter
and the like, and these components are often sensitive to
fluids and corrosion. The invention also contemplates that
any sensor circuit boards distributed throughout the body of
the robot will also be sealed in a JIS grade 3-7 housing in a
similar manner. The invention also contemplates that mul-
tiple circuit boards, including at least the main circuit board
and one remote circuit board several inches from the main
board, may be sealed by a single matching housing or cover.
For example, all or some of the circuit boards could be
arranged in a single plastic or resin module having exten-
sions which reach to local sensor sites, and a distributed
cover could be secured over all of the circuit boards. In
addition, exposed electrical connections and terminals of
sensors, motors, or communication lines can be sealed in a
similar manner, with covers, modules, potting, shrink fit,
gaskets, or the like. In this manner, substantially the entire
electrical system is fluid-sealed and/or isolated from spray-
ing or foaming liquid. Any and all electrical or electronic
elements defined herein as a circuit board, PCB, detector,
sensor, etc., are candidates for such sealing.

The robot 100 may also include a user control module
330. The user control module 330 provides one or more user
input interfaces that generate an electrical signal in response
to a user input and communicate the signal to the master
control module 300. In one embodiment of the present
invention, the user control module, described above, pro-
vides a user input interface, however, a user may enter
commands via a hand held remote control device, a pro-
grammable computer or other programmable device or via
voice commands. A user may input user commands to
initiate actions such as power on/off, start, stop or to change
a cleaning mode, set a cleaning duration, program cleaning
parameters such as start time and duration, and or many
other user initiated commands. User input commands, func-
tions, and components contemplated for use with the present
invention are specifically described in U.S. patent applica-
tion Ser. No. 11/166,891, by Dubrovsky et al., filed on Jun.
24, 2005, entitled Remote Control Scheduler and Method for
Autonomous Robotic Device, the entire disclosure of which
is herein incorporated by reference it its entirety. Specific
modes of user interaction are also described herein.
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Cleaning Zones

Referring now to FIG. 2, a bottom surface of a robot
chassis 200 is shown in isometric view. As shown therein, a
first cleaning zone A is disposed forward of a second
cleaning zone B with respect to the fore-aft axis 106.
Accordingly, as the robot 100 is transported in the forward
direction the first cleaning zone A precedes the second
cleaning zone B over the cleaning surface. Each cleaning
zone A and B has a cleaning width W disposed generally
parallel with the transverse axis 108. Ideally, the cleaning
width of each cleaning zone is substantially identical how-
ever, the actual cleaning width of the cleaning zones A and
B may be slightly different. According to a preferred
embodiment of the present invention, the cleaning width W
is primarily defined by the second cleaning zone B which
extends from proximate to the right circumferential edge of
a bottom surface of the robot chassis 200 substantially
parallel with the transverse axis 108 and is approximately
296 mm or 11.7 inches long, i.e., approximately 30 cm or 12
inches long. By locating the cleaning zone B proximate the
right circumferential edge, the robot 100 may maneuver its
right circumferential edge close to a wall or other obstacle
for cleaning the cleaning surface adjacent to the wall or
obstacle. Accordingly, the robot movement patterns include
algorithms for transporting the right side of the robot 100
adjacent to each wall or obstacle encountered by the robot
during a cleaning cycle. The robot 100 is therefore said to
have a dominant right side. Of course, the robot 100 could
be configured with a dominant left side instead. The first
cleaning zone A is positioned forward of the transverse axis
108 and has a slightly narrower cleaning width than the
second cleaning zone B, simply because of the circumfer-
ence shape of the robot 100. However, any cleaning surface
area not cleaned by the first cleaning zone A is cleaned by
the second cleaning zone B.
First Cleaning Zone or Dry Vacuum Cleaning

The first cleaning zone A is configured to collect loose
particulates from the cleaning surface. In a preferred
embodiment, an air jet is generated by an air moving system
which includes an air jet port 554 disposed on a left edge of
the first cleaning zone A. The air jet port 554 expels a
continuous jet or stream of pressurized air therefrom. The air
jet port 554 is oriented to direct the air jet across the cleaning
width from left to right. Opposed to the air jet port 554, an
air intake port 556 is disposed on a right edge of the first
cleaning zone A. “Air intake port” as used herein may mean
“vacuum port,” “air inlet,” “negative pressure zone,” etc.
The air moving system generates a negative air pressure
zone in the conduits connected to the intake port 556, which
creates a negative air pressure zone proximate to the intake
port 556. The negative air pressure zone suctions loose
particulates and air into the air intake port 556 and the air
moving system is further configured to deposit the loose
particulates into a waste material container carried by the
robot 100. Accordingly, pressurized air expelled from the air
jet port 554 moves across the cleaning width within the first
cleaning zone A and forces loose particulates on the cleaning
surface toward a negative air pressure zone proximate to the
air intake port 556. The loose particulates are suctioned up
from the cleaning surface through the air intake port 556 and
deposited into a waste container carried by the robot 100.
The first cleaning zone A is further defined by a nearly
rectangular channel formed between the air jet port 554 and
the air intake port 556. The channel is defined by opposing
forward and aft walls of a rectangular recessed area 574,
which is a contoured shape formed in the bottom surface of
the robot chassis 200. The forward and aft walls are sub-
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stantially transverse to the fore-aft axis 106. The channel is
further defined by a first compliant “doctor” (air flow guide)
blade 576, attached to the robot chassis 200, e.g. along the
aft edge of the recessed area 574, and extending from the
chassis bottom surface to the cleaning surface.

The doctor air flow guide blade is mounted to make
contact or near contact with the cleaning surface. The doctor
air flow guide blade 576 is preferably formed from a thin
flexible and compliant molded material e.g. a 1-2 mm thick
bar shaped element molded from neoprene rubber or the
like. The doctor air flow guide blade 576, or at least a portion
of the doctor air flow guide blade, may be coated with a low
friction material, e.g. a fluoropolymer resin for reducing
friction between the doctor air flow guide blade and the
cleaning surface. The doctor air flow guide blade 576 may
be attached to the robot chassis 200 by an adhesive bond or
by other suitable means. Air guide blade 576, toward the rear
of the robot, is angled with respect to the direction of travel,
by about 95-120 degrees from the direction of travel. The
end of the blade 576 nearest the vacuum port 556 is farther
toward the rear. Accordingly, debris will tend to move along
the angled blade 576 as the robot moves forward. As
depicted in FIG. 2, angled guide blade 578 points substan-
tially toward the vacuum intake in such a manner that the
vacuum intake also draws air and debris along the forward
side of the smaller angled guide blade 578. The small dry
vacuum blade is positioned to divert lighter objects, that
would otherwise been blown past the suction port, back
towards the suction port to be injected. It also directs larger
objects back towards this port.

The forward caster wheel, as shown in FIG. 2 near the
front of the robot, is generally restricted to 180 degrees of
side to side travel. Certain embodiments may, however,
benefit from larger ranges of motion. For example, the
criteria for certain embodiments of the forward caster is
either 360 degrees (free movement), or less than 180 degrees
(limited but reversible movement), but is typically 160-170
degrees for commercial embodiments. Certain ranges of
motion of the caster wheel may cause the wheel to lock up
when in reverse travel.

The channel of the first cleaning zone A provides an
increased volume between the cleaning surface and the
bottom surface of the robot chassis 200 local to the first
cleaning zone A. The increased volume guides airflow
between the jet port 554 and the air intake port 556, and the
doctor air flow guide blade 576 prevents loose particulates
and airflow from escaping the first cleaning zone A in the aft
direction. In addition to guiding the air jet and the loose
particulates across the cleaning width, the first doctor air
flow guide blade 576 may also exert a friction force against
contaminants on the cleaning surface to help loosen con-
taminants from the cleaning surface as the robot moves in
the forward direction. The first compliant doctor air flow
guide blade 576 is configured to be sufficiently compliant to
adapt its profile form conforming to discontinuities in the
cleaning surface, such a door jams, moldings, and trim
pieces, without hindering the forward travel of the robot
100.

A second compliant doctor air flow guide blade 578 may
also be disposed in the first cleaning zone A to further guide
the air jet toward the negative pressure zone surrounding the
air intake port 554. The second compliant doctor air flow
guide blade is similar in construction to the first compliant
doctor air flow guide blade 576 and attaches to the bottom
surface of the robot chassis 200 to further guide the air and
loose particulates moving through the channel. In one
example, a second recessed area 579 is formed in the bottom
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surface of the chassis 200 and the second compliant doctor
air flow guide blade 576 protrudes into the first recessed area
574 at an acute angle typically between 30-60° with respect
to the traverse axis 108. The second compliant air flow guide
blade extends from the forward edge of the recessed area
574 and protrudes into the channel approximately %5 to V2 of
channel fore-aft dimension.

The first cleaning zone A traverses the cleaning surface
along a cleaning path and collects loose particulates along
the cleaning width. By collecting the loose particulates prior
to the second cleaning zone B passing over the cleaning
path, the loose particulates are collected before the second
cleaning zone applies cleaning fluid onto the cleaning sur-
face. One advantage of removing the loose particulates with
the first cleaning zone is that the loose particulates are
removed while they are still dry. Once the loose particulates
absorb cleaning fluid applied by the second cleaning zone,
they are more difficult to collect. Moreover, the cleaning
fluid absorbed by the loose particulates is not available for
cleaning the surface so the cleaning efficiency of the second
cleaning zone B may be degraded. The first cleaning zone
generally saves a user the task of sweeping before mopping,
and is generally a pre-treatment. However, in an alternative
configuration, the first cleaning zone is a dry vacuum that
may operate separate and apart from the wet-cleaning func-
tionality of the robot. Still further, in such a case, the first
cleaning zone may be provided with a rotating brush or
counter-rotating brushes, or may use brushes only rather
than a brush and vacuum.

In another embodiment, the first cleaning zone may be
configured with other cleaning elements such as counter-
rotating brushes extending across the cleaning width to flick
loose particulates into a receptacle. In another embodiment,
an air moving system may be configured to draw air and
loose particulates up from the cleaning surface through an
elongated air intake port extending across the cleaning
width. In particular, other embodiments usable to provide a
first cleaning zone according to the present invention are
disclosed in U.S. Pat. No. 6,883,201, by Jones et al. entitled
Autonomous Floor-Cleaning Robot, the entire disclosure of
which is herein incorporated by reference it its entirety.

FIG. 22 depicts elements similar to those depicted in FIG.
3. Some alternative terminology is used in the following
description. The elements shown in FIG. 22 are the main
electrical board 300, a “cam” driven pump 706, the front
caster 960, a stasis circuit board 300a bearing IR “stasis”
sensors and components (i.e., that detect when the front
wheel does not rotate along with the driven wheels, indi-
cating the robot may be stuck), a reed switch PCB 3005, a
charging plug PCB 300c¢ for receiving a battery charging
cord, a battery contact blade 777 for contact to the battery as
it is placed into the robot body, a board gasket/seal 301 that
lines the edge of the board 300 and matches up with the
cover to waterproof the board 300, a bumper 220, the main
chassis 200, the wet cleaning head motor and drivetrain 608
located substantially in line with the wet cleaning head, a left
drive train/wheel assembly 909 (showing biasing springs,
suspension, integrated planetary or other gear train), a right
drive train/wheel assembly 908 (similarly arranged), a bifur-
cated dry vacuum duct and exhaust duct 517a, 517h, a
replaceable filter for the fan assembly (which should have
small enough pores and a surface configured to prevent both
particulates and most water from entering the fan assembly),
a first or left spray nozzle 712, a second or right spray nozzle
714, a nozzle tube for the right spray nozzle, the fan
assembly 502, the inner cover of the robot main body, and
wire clips for securing the inner cover to the chassis.
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The stasis circuit board 300a, the reed switch PCB 3005,
and the charging plug 300c¢ are parts that may or should be
rendered water resistant or water proof by the structures
described herein. These PCBs, as shown in FIG. 22, tend to
be located to support the associated sensor and electronic
parts.

The dry vacuum may be provided with a main cleaning
brush to flick dirt into a small dirt bin. This bin could be
mounted forward of the brush or aft (with appropriate
modifications to the brush shroud). In addition to covering
the floor with a thin sheet of water, which evaporates and
increases the relative humidity, the ducting for the vacuum
exhaust may be directed to constantly blow air across the
water in the dirty or clean tank. The air leaving the dirty or
clean tank will tend to have higher relative humidity than the
air entering it, further increasing the humidity in the room,
and if the cleaning fluid has added fragrance, this may be
blown into the room.

Second Cleaning Zone or Wet Cleaning Head

The second cleaning zone B includes a liquid applicator
700 (also or alternatively, spray head and/or spreader) con-
figured to apply a cleaning fluid onto the cleaning surface
and the cleaning fluid is preferably applied uniformly across
the entire cleaning width. The liquid applicator 700 is
attached to the chassis 200 and includes at least one nozzle
configured to spray the cleaning fluid onto the cleaning
surface. The second cleaning zone B may also include a
scrubbing module 600 (also or alternatively, a powered
brush) for performing other cleaning tasks across the clean-
ing width after the cleaning fluid has been applied onto the
cleaning surface. The scrubbing module 600 may include a
smearing element disposed across the cleaning width for
smearing the cleaning fluid to distribute it more uniformly
on the cleaning surface. The second cleaning zone B may
also include a passive or active scrubbing element, scrub
brush, wiper, or wipe cloth configured to scrub the cleaning
surface across the cleaning width. The second cleaning zone
B may also include a second collecting apparatus (also or
alternatively, wet vacuum, directed at either a wet surface or
a wet brush) configured to collect waste materials up from
the cleaning surface across the cleaning width, and the
second collecting apparatus is especially configured for
collecting liquid waste materials.

Liquid Applicator Module or Spray Head

The liquid applicator module 700, shown schematically in
FIG. 5, is configured to apply a measured volume of
cleaning fluid onto the cleaning surface across the cleaning
width. “Liquid applicator module” as used herein, may mean
“nozzle,” “spray head,” and/or “spreader brush/wiper.”
Additionally, the liquid applicator module may spray the
floor directly, spray a fluid-bearing brush or roller, or apply
fluid by dripping or capillary action to the floor, brush, roller,
or pad. The liquid applicator module 700 receives a supply
of cleaning fluid from a cleaning fluid supply container S,
carried on the chassis 200, and pumps the cleaning fluid
through one or more spray nozzles disposed on the chassis
200. The spray nozzles are attached to the robot chassis 200
aft of the first cleaning zone A and each nozzle is oriented
to apply cleaning fluid onto the cleaning surface. In a
preferred embodiment, a pair of spray nozzle are attached to
the robot chassis 200 at distal left and right edges of the
cleaning width W. Each nozzle is oriented to spray cleaning
fluid toward the opposing end of the cleaning width. Each
nozzles is separately pumped to eject a spray pattern and the
pumping stroke of each nozzle occurs approximately 180
degrees out phase with respect to the other nozzle so that one
of the two nozzles is always applying cleaning fluid.
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Referring to FIG. 5, the liquid applicator module 700
includes a cleaning fluid supply container S, which is carried
by the chassis 200 (and/or a compartment within an inte-
grated tank) and removable therefrom by a user to refill the
container with cleaning fluid (alternatively, the container S
is refilled with water, cleaning concentrate being supplied
from another compartment or as a solid or powder). The
supply container S is configured with a drain or exit aperture
702 formed through a base surface thereof. A fluid conduit
704 receives cleaning fluid from the exit aperture 702 and
delivers a supply of cleaning fluid to a pump assembly 706.
The pump assembly 706 includes left and right pump
portions 708 and 710, driven by a rotating cam, shown in
FIG. 7. The left pump portion 708 pumps cleaning fluid to
a left spray nozzle 712 via a conduit 716 and the right pump
portion 710 pumps cleaning fluid to a right spray nozzle 714
via a conduit 718.

A stop valve assembly, shown in section view in FIG. 6,
includes a female upper portion 720, installed inside the
supply container S, and a male portion 721 attached to the
chassis 200. The female portion 720 nominally closes and
seals the exit aperture 702. The male portion 721 opens the
exit aperture 702 to provide access to the cleaning fluid
inside the supply container S. The female portion 720
includes an upper housing 722, a spring biased movable stop
724, a compression spring 726 for biasing the stop 724 to a
closed position, and a gasket 728 for sealing the exit aperture
702. The upper housing 722 may also support a filter
element 730 inside the supply container S for filtering
contaminants from the cleaning fluid before the fluid exits
the supply container S.

The stop valve assembly male portion 721 includes a
hollow male fitting 732 formed to insert into the exit
aperture 702 and penetrate the gasket 728. Insertion of the
hollow male fitting 732 into the exit aperture 702 forces the
movable stop 724 upward against the compression spring
726 to open the stop valve. The hollow male fitting 732 is
formed with a flow tube 734 along it central longitudinal
axis and the flow tube 734 includes one or more openings
735 at its uppermost end for receiving cleaning fluid into the
flow tube 734. At its lower end, the flow tube 734 is in fluid
communication with a hose fitting 736 attached to or inte-
grally formed with the male fitting 732. The hose fitting 736
comprises a tube element having a hollow fluid passage 737
passing therethrough, and attaches to hose or fluid conduit
704 that receives fluid from the hose fitting 736 and delivers
the fluid to the pump assembly 706. The flow tube 734 may
also include a user removable filter element 739 installed
therein for filtering the cleaning fluid as it exits the supply
container S.

According to the invention, the stop valve male portion
721 is fixed to the chassis 200 and engages with the female
portion 720, which is fixed to the container S. When the
container S is installed onto the chassis in its operating
position the male portion 721 engages with the female
portion 720 to open the exit aperture 702. A supply of
cleaning fluid flows from the supply container S to the pump
assembly 706 and the flow may be assisted by gravity or
suctioned by the pump assembly or both.

The hose fitting 736 is further equipped with a pair of
electrically conductive elements, not shown, disposed on the
internal surface of the hose fitting fluid flow passage 737 and
the pair of conductive elements inside the flow chamber are
electrically isolated from each other. A measurement circuit,
not shown, creates an electrical potential difference between
the pair of electrically conductive elements and when clean-
ing fluid is present inside the flow passage 737 current flows
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from one electrode to the other through the cleaning fluid
and the measurement circuit senses the current flow. When
the container S is empty, the measurement circuit fails to
sense the current flow and in response sends a supply
container empty signal to the master controller 300. In
response to receiving the supply container empty signal, the
master controller 300 takes an appropriate action.

The pump assembly 706 as depicted in FIG. 5 includes a
left pump portion 708 and a right pump portion 710. The
pump assembly 706 receives a continuous flow of cleaning
fluid from the supply container S and alternately delivers
cleaning fluid to the left nozzle 712 and the right nozzle 714.
FIG. 7 depicts the pump assembly 706 in section view and
the pump assembly 706 is shown mounted on the top surface
of the chassis 200 in FIG. 3. The pump assembly 706
includes cam element 738 mounted on a motor drive shaft
for rotation about a rotation axis. The motor, not shown, is
rotates the cam element 738 at a substantially constant
angular velocity under the control of the master controller
300. However, the angular velocity of the cam element 738
may be increased or decreased to vary the frequency of
pumping of the left and right spay nozzles 712 and 714. In
particular, the angular velocity of the cam element 738
controls the mass flow rate of cleaning fluid applied onto the
cleanings surface. According to one aspect of the present
invention, the angular velocity of the cam element 738 may
be adjusted in proportion to the robot forward velocity to
apply a uniform volume of cleaning fluid onto the cleaning
surface irrespective of robot velocity. Alternately, changes in
the angular velocity in the cam element 738 may be used to
increase or decrease the mass flow rate of cleaning fluid
applied onto the cleanings surface as desired.

The pump assembly 706 includes a rocker element 761
mounted to pivot about a pivot axis 762. The rocker element
761 includes a pair of opposed cam follower elements 764
on the left side and 766 on the right side. Each cam follower
764 and 766 remains in constant contact with a circumfer-
ential profile of the cam element 738 as the cam element
rotates about its rotation axis. The rocker element 761
further includes a left pump actuator link 763 and a right
pump actuator link 765. Each pump actuator link 763 and
765 is fixedly attached to a corresponding left pump cham-
ber actuator nipple 759 and a right pump chamber actuator
nipple 758. As will be readily understood, rotation of the
cam element 738 forces each of the cam follower elements
764 and 766 to follow the cam circumferential profile and
the motion dictated by the cam profile is transferred by the
rocker element 761 to each of the left and right actuator
nipples 759 and 758. As described below, the motion of the
actuator nipples is used to pump cleaning fluid. The cam
profile is particularly shaped to cause the rocker element 761
to force the right actuator nipple 758 downward while
simultaneously lifting up on the left actuator nipple 759, and
this action occurs during the first 180 degrees of cam.
Alternately, the second 180 degrees of cam rotation causes
the rocker element 761 to force the left actuator nipple 759
downward while simultaneously lifting up on the right
actuator nipple 758.

The rocker element 761 further includes a sensor arm 767
supporting a permanent magnet 769 attached at its end. A
magnetic field generated by the magnet 769 interacts with an
electrical circuit 771 supported proximate to the magnet 769
and the circuit generates signals responsive to changes in the
orientation of magnetic field. the signals are used to track the
operation of the pump assembly 706.

Referring to FIGS. 7-9, the pump assembly 706 further
comprises a flexible membrane 744 mounted between
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opposing upper and lower nonflexible elements 746 and 748
respectively. Referring to the section view in FIG. 7 the
flexible element 744 is captured between an upper nonflex-
ible element 746 and a lower nonflexible element 748. Each
of the upper nonflexible element 746, the flexible element
744 and the lower nonflexible element 748 is formed as a
substantially rectangular sheet having a generally uniform
thickness. However, each element also includes patterns of
raised ridges depressed valleys and other surface contours
formed on opposing surfaces thereof. FIG. 8 depicts a top
view of the flexible element 744 and FIG. 9 depicts a top
view of the lower nonflexible element 748. The flexible
element 744 is formed from a flexible membrane material
such as neoprene rubber or the like and the nonflexible
elements 748 and 746 are each formed from a stiff material
nonflexible such as moldable hard plastic or the like.

As shown in FIGS. 8 and 9, each of the flexible element
744 and the nonflexible element 748 are symmetrical about
a center axis designated E in the figure. In particular, the left
sides of each of the elements 746, 744 and 748 combine to
form a left pump portion and the rights side of each of the
elements 746, 744 and 748 combine to form a right pump
portion. The left and right pump portions are substantially
identical. When the three elements are assembled together,
the raised ridges, depressed valleys and surface contours of
each element cooperate with raised ridges depressed valleys
and surface contours of the contacting surfaces of other of
the elements to create fluid wells and passageways. The
wells and passageways may be formed between the upper
element 746 and the flexible element 744 or between the
lower nonflexible element 748 and the flexible element 744.
In general, the flexible element 744 serves as a gasket layer
for sealing the wells and passages and its flexibility is used
to react to changes in pressure to seal and or open passages
in response to local pressure changes as the pump operates.
In addition, holes formed through the elements allow fluid to
flow in and out of the pump assembly and to flow through
the flexible element 744.

Using the right pump portion by way of example, cleaning
fluid is drawn into the pump assembly through an aperture
765 formed in the center of the lower nonflexible element
748. The aperture 765 receives cleaning fluid from the fluid
supply container via the conduit 704. The incoming fluid
fills a passageway 766. Ridges 775 and 768 form a valley
between them and a mating raised ridge on the flexible 744
fills the valley between the ridges 775 and 768. This confines
the fluid within the passageway 766 and pressure seal the
passageway. An aperture 774 passes through the flexible
element 744 and is in fluid communication with the pas-
sageway 766. When the pump chamber, described below,
expands, the expansion decreases the local pressure, which
draws fluid into the passageway 776 through the aperture
774.

Fluid drawn through the aperture 774 fills a well 772. The
well 772 is formed between the flexible element 744 and the
upper nonflexible element 746. A ridge 770 surrounds the
well 772 and mates with a feature of the upper flexible
element 746 to contain the fluid in the well 772 and to
pressure seal the well. The surface of the well 772 is flexible
such that when the pressure within the well 772 decreases,
the base of the well is lifted to open the aperture 774 and
draw fluid through the aperture 774. However, when the
pressure within the well 772 increases, due to contraction of
the pump chamber, the aperture 774 is forced against a
raised stop surface 773 directly aligned with the aperture and
the well 772 act as a trap valve. A second aperture 776 passes
through the flexible element 744 to allow fluid to pass from
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the well 772 through the flexible element 744 and into a
pump chamber. The pump chamber is formed between the
flexible element 744 and the lower nonflexible element 748.

Referring to FIG. 7, a right pump chamber 752 is shown
in section view. The chamber 752 includes a dome shaped
flexure formed by an annular loop 756. The dome shaped
flexure is a surface contour of the flexible element 744. The
annular loop 756 passes through a large aperture 760 formed
through the upper nonflexible element 746. The volume of
the pump chamber is expanded when the pump actuator 765
pulls up on the actuator nipple 758. The volume expansion
decreases pressure within the pump chamber and fluid is
drawn into the chamber from the well 772. The volume of
the pump chamber is decreased when the pump actuator 765
pushes down on the actuator nipple 758. The decrease in
volume within the chamber increases pressure and the
increased pressure expels fluid out of the pump chamber.

The pump chamber is further defined by a well 780
formed in the lower nonflexible element 748. The well 780
is surrounded by a valley 784 formed in the lower nonflex-
ible element 748, shown in FIG. 9, and a ridge 778 formed
on the flexible element 744 mates with the valley 784 to
pressure seal the pump chamber. The pump chamber 752
further includes an exit aperture 782 formed through the
lower nonflexible element 748 and through which fluid is
expelled. The exit aperture 782 delivers fluid to the right
nozzle 714 via the conduit 718. The exit aperture 782 is also
opposed to a stop surface which acts as a check valve to
close the exit aperture 782 when the pump chamber is
decreased.

Thus according to the present invention, cleaning fluid is
drawn from a cleaning supply container S by action of the
pump assembly 706. The pump assembly 706 comprises two
separate pump chambers for pumping cleaning fluid to two
separate spray nozzles. Each pump chamber is configured to
deliver cleaning fluid to a single nozzle in response to a rapid
increase in pressure inside the pump chamber. The pressure
inside the pump chamber is dictated by the cam profile,
which is formed to drive fluid to each nozzle in order to
spray a substantially uniform layer of cleaning fluid onto the
cleaning surface. In particular, the cam profile is configured
to deliver a substantially uniform volume of cleaning fluid
per unit length of cleaning width W. In generally, the liquid
applicator of the present invention is configured to apply
cleaning fluid at a volumetric rate ranging from about 0.2 to
5.0 ml per square foot, and preferably in the range of about
0.6-2.0 ml per square foot. However depending upon the
application, the liquid applicator of the present invention
may apply any desired volumetric layer onto the surface. In
addition, the fluid applicator system of the present invention
is usable to apply other liquids onto a floor surface such as
wax, paint, disinfectant, chemical coatings, and the like.

As is further described below, a user may remove the
supply container S from the robot chassis and fill the supply
container with a measured volume of clean water and a
corresponding measured volume of a cleaning agent. The
water and cleaning agent may be poured into the supply
container S through a supply container access aperture 168
which is capped by a removable cap 172, shown in FIG. 17.
The supply container S is configured with a liquid volume
capacity of approximately 1100 ml (37 fluid ounces) and the
desired volumes of cleaning agent and clean water may be
poured into the supply tank in a ratio appropriate for a
particular cleaning application.

Scrubbing Module, Powered Brush and/or Powered Wiper

The scrubbing module 600, according to a preferred
embodiment of the present invention, is shown in exploded
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isometric view in FIG. 10 and in the robot bottom view
shown in FIG. 2. The scrubbing module 600 may be
configured as a separate subassembly that attaches to the
chassis 200 but is removable therefrom, by a user, for
cleaning or otherwise servicing the cleaning elements
thereof. Other arrangements can be configured without devi-
ating from the present invention. For example, in an alter-
nate configuration, the upper wall of the scrubbing module
600 would be essentially part of/integral with the robot main
body, but the scrubbing module would open as shown to
permit cleaning of brush, squeegee, and internal cavity (in
such a case, “scrubbing module” remains appropriate ter-
minology). A readily removable scrubbing module may be
referred to as a “cartridge,” e.g., scrubbing cartridge or
cleaning head cartridge. The scrubbing module 600 installs
and latches into place within a hollow cavity 602, formed on
the bottom side of the chassis 200. A profile of the hollow
cavity 602 is displayed on the right side of the chassis 200
in FIG. 3. The cleaning elements of the scrubbing module
600 are positioned aft of the liquid applicator module 700 to
perform cleaning operations on a wet cleaning surface.

In a preferred embodiment, the scrubbing module 600
includes a passive smearing or spreading element (also, and
alternatively, “spreader” or “spreader brush”) 612 attached
to a forward edge thereof and disposed across the cleaning
width. The smearing or spreader brush 612 extends down-
wardly from the scrubbing module 600 and is configured to
make contact or near contact with the cleaning surface
across the cleaning width. As the robot 100 is transported in
the forward direction the smearing brush 612 moves over the
pattern of cleaning fluid applied down by the liquid appli-
cator and smears, or more uniformly spreads the cleaning
fluid over the cleaning surface. The smearing or spreader
brush 612, shown in FIGS. 2 and 10, comprises a plurality
of soft compliant smearing bristles 614 with a first end of
each bristle being captured in a holder such as crimped metal
channel, or other suitable holding element. A second end of
each smearing bristle 614 is free to bend as each bristle
makes contact with the cleaning surface. The length and
diameter of the smearing or spreader bristles 614, as well as
a nominal interference dimension that the smearing bristles
makes with respect to the cleaning surface may be varied to
adjust bristle stiffness and to thereby affect the smearing
action. In a preferred embodiment of the present invention
the smearing or spreader 612 comprises nylon bristles with
an average bristle diameter in the range of about 0.05-0.2
mm (0.002-0.008 inches). The nominal length of each bristle
614 is approximately 16 mm (0.62 inches) between the
holder and the cleaning surface and the bristles 614 are
configured with an interference dimension of approximately
0.75 mm (0.03 inches). The smearing brush 612 may also
wick up excess cleaning fluid applied to the cleaning surface
and distribute the wicked up cleaning fluid to other loca-
tions. Of course, other smearing elements or spreader
brushes such as flexible compliant blade member a sponge
elements or a rolling member in contact with the cleaning
surface are also usable. In the case where evenly spaced
multiple spray jets or nozzles direct fluid (spraying, drip-
ping, or flowing) in a regularly spaced pattern without a
smearing brush, the evenly spaced multiple spray jets func-
tion as a “spreader.”

The scrubbing module 600 may include a scrubbing
element, scrub brush, wiper, or wipe cloth e.g. 604; however,
the present invention may be used without a scrubbing
element. The scrubbing element contacts the cleaning sur-
face during cleaning operations and agitates the cleaning
fluid to mix it with contaminants to emulsify, dissolve or

10

15

20

25

30

35

40

45

50

55

60

65

36

otherwise chemically react with contaminants. The scrub-
bing element, scrub brush, wiper, or wipe cloth also gener-
ates a shearing force as it moves with respect to the cleaning
surface and the force helps to break adhesion and other
bonds between contaminants and the cleaning surface. In
addition, the scrubbing element may be passive element or
an active and may contact the cleaning surface directly, may
not contact the cleaning surface at all or may be configured
to be movable into and out of contact with the cleaning
surface.

In one embodiment according to the present invention, a
passive scrubbing element, scrub brush, wiper, or wipe cloth
is attached to the scrubbing module 600 or other attaching
point on the chassis 200 and disposed to contact the cleaning
surface across the cleaning width. A force is generated
between the passive scrubbing element and the cleaning
surface as the robot is transported in the forward direction.
The passive scrubbing element, scrub brush, wiper, or wipe
cloth may comprise a plurality of scrubbing bristles held in
contact with the cleaning surface, a woven or nonwoven
material, e.g. a scrubbing pad or sheet material held in
contact with the cleaning surface, or a compliant solid
element such as a sponge or other compliant porous solid
foam element held in contact with the cleaning surface. In
particular, a conventional scrubbing brush, sponge, or scrub-
bing pad used for scrubbing may be fixedly attached to the
robot 100 and held in contact with the cleaning surface
across the cleaning width aft of the liquid applicator to scrub
the cleaning surface as the robot 100 advances over the
cleaning surface. In addition, the passive scrubbing element
may be configured to be replaceable by a user or to be
automatically replenished, e.g. using a supply roll and a take
up roll for advancing clean scrubbing material into contact
with the cleaning surface.

In another embodiment according to the present inven-
tion, one or more active scrubbing elements are movable
with respect to the cleaning surface and with respect to the
robot chassis. Movement of the active scrubbing elements
increases the work done between scrubbing element, scrub
brush, wiper, or wipe cloths and the cleaning surface. Each
movable scrubbing element is driven for movement with
respect to the chassis 200 by a drive module, also attached
to the chassis 200. Active scrubbing elements may also
comprise a scrubbing pad or sheet material held in contact
with the cleaning surface, or a compliant solid element such
as a sponge or other compliant porous solid foam element
held in contact with the cleaning surface and vibrated by a
vibrating backing element. Other active scrubbing elements
may also include a plurality of scrubbing bristles, and or any
movably supported conventional scrubbing brush, sponge,
or scrubbing pad used for scrubbing or an ultra sound emitter
may also be used to generate scrubbing action. The relative
motion between active scrubbing elements and the chassis
may comprise linear and or rotary motion and the active
scrubbing elements may be configured to be replaceable or
cleanable by a user.

Referring now to FIGS. 10-12 a preferred embodiment of
present invention includes an active scrubbing element. The
active scrubbing element comprises a rotatable brush assem-
bly 604 disposed across the cleaning width, aft of the liquid
applicator nozzles 712, 714, for actively scrubbing the
cleaning surface after the cleaning fluid has been applied
thereon. The rotatable brush assembly 604 comprises a
cylindrical bristle holder element 618 for supporting scrub-
bing bristles 616 extending radially outward there from. The
rotatable brush assembly 604 is supported for rotation about
a rotation axis that extends substantially parallel with the
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cleaning width. The scrubbing bristles 616 are long enough
to interfere with the cleaning surface during rotation such
that the scrubbing bristles 616 are bent by the contact with
the cleaning surface.

Scrubbing bristles 616 are installed in the brush assembly
in groups or clumps with each clump comprising a plurality
of bristles held by a single attaching device or holder.
Clumps locations are disposed along a longitudinal length of
the bristle holder element 618 in a pattern. The pattern places
at least one bristle clump in contact with cleaning surface
across the cleaning width during each revolution of the
rotatable brush element 604. The rotation of the brush
element 604 is clockwise as viewed from the right side such
that relative motion between the scrubbing bristles 616 and
the cleaning surface tends to flick loose contaminants and
waste liquid in the aft direction. In addition, the friction
force generated by clockwise rotation of the brush element
604 tends drive the robot in the forward direction thereby
adding to the forward driving force of the robot transport
drive system. The nominal dimension of each scrubbing
bristles 616 extended from the cylindrical holder 618 causes
the bristle to interfere with the cleaning surface and there for
bend as it makes contact with the surface. The interference
dimension is the length of bristle that is in excess of the
length required to make contact with the cleaning surface.
Each of these dimensions plus the nominal diameter of the
scrubbing bristles 616 may be varied to affect bristle stiff-
ness and therefore the resulting scrubbing action. Applicants
have found that configuring the scrubbing brush element 604
with nylon bristles having a bend dimension of approxi-
mately 16-40 mm (0.62-1.6 inches) a bristle diameter of
approximately 0.15 mm (0.006 inches) and an interference
dimension of approximately 0.75 mm (0.03 inches) provides
good scrubbing performance. In another example, stripes of
scrubbing material may be disposed along a longitudinal
length of the bristle holder element 618 in a pattern attached
thereto for rotation therewith. FIG. 23 depicts a second
schematic exploded isometric view of a cleaning head or
scrubbing module similar to that depicted in FIGS. 10 and
11. In FIG. 23, the arrangement of top cover 638, static brush
614, cartridge body 634, squeegee 630, and spreader brush
604 may be more clearly seen. The top cover 638 and
cartridge body 634 are pivotally joined by the metal rod 640;
the double-helix brush 604 rests in the cartridge body 634,
yet is removable, and the squeegee 630 depicted in FIG. 23
is a one-piece squeegee with channels therethrough for the
vacuum to draw fluid.

Squeegee and Wet Vacuum Detail

The scrubbing module 600 may also include a second
collecting apparatus (also and alternatively, “wet vacuum™)
configured to collect waste liquid from the cleaning surface
across the cleaning width. The second collecting apparatus
is generally positioned aft of the liquid applicator nozzles
712, 714, aft of the smearing brush, and aft of the scrubbing
element. In a preferred embodiment according to the present
invention, a scrubbing module 600 is shown in section view
in FIG. 12A. The smearing element 612 is shown attached
to the scrubbing module at its forward edge and the rotatable
scrubbing brush assembly 604 is shown mounted in the
center of the scrubbing module. Aft of the scrubbing brush
assembly 604, a squeegee 630 contacts the cleaning surface
across its entire cleaning width to collect waste liquid as the
robot 100 advances in the forward direction. A vacuum
system draws air in through ports in the squeegee to suction
waste liquid up from the cleaning surface. The vacuum
system deposits the waste liquid into a waste storage con-
tainer carried on the robot chassis 200. The robot may
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alternatively recirculate all or part of the fluid, i.e., a portion
of the waste fluid may be scavenged, or the waste fluid may
be returned to a single, clean/waste tank, either filtered or
unfiltered.

As detailed in the section view of FIG. 12A, the squeegee
630 comprises a vertical element 1002 and a horizontal
element 1004. Each of the elements 1002 and 1004 are
formed from a substantially flexible and compliant material
such as neoprene or other sponge rubber, silicone or the like.
A single piece squeegee construction is also usable. In a
preferred embodiment, the vertical element 1002 comprises
a more flexible durometer material and is more bendable and
compliant than the horizontal element 1004. The vertical
squeegee element 1002 contacts the cleaning surface at a
lower edge 1006 or along a forward facing surface of the
vertical element 1002 when the vertical element is slightly
bent toward the rear by interference with the cleaning
surface. The lower edge 1006 or forward surface remains in
contact with the cleaning surface during robot forward
motion and collects waste liquid along the forward surface.
The waste liquid pools up along the entire length of the
forward surface and lower edge 1006. The horizontal squee-
gee element 1004 includes spacer elements 1008 extending
rear ward form its main body 1010 and the spacer elements
1008 defined a suction channel 1012 between the vertical
squeegee element 1002 and the horizontal squeegee element
1004. The spacer elements 1008 are discrete elements dis-
posed along the entire cleaning width with open space
between adjacent spacer elements 1008 providing a passage
for waste liquid to be suctioned through.

A vacuum interface port 1014 is provided in the top wall
of the scrubber module 600. The vacuum port 1014 com-
municates with the robot air moving system and withdraws
air through the vacuum port 1014. The scrubber module 600
is configured with a sealed vacuum chamber 1016, which
extends from the vacuum port 1014 to the suction channel
1012 and extends along the entire cleaning width. Air drawn
from the vacuum chamber 1016 reduces the air pressure at
the outlet of the suction channel 1012 and the reduced air
pressures draws in waste liquid and air from the cleaning
surface. The waste liquid drawing in through the suction
channel 1012 enters the chamber 1016 and is suctioned out
of the chamber 1016 and eventually deposited into a waste
material container by the robot air moving system. Each of
the horizontal squeegee element 1010 and the vertical squee-
gee element 1002 form walls of the vacuum chamber 1016
and the squeegee interfaces with the surrounding scrubbing
module elements are configured to pressure seal the chamber
1016. In addition, the spacers 1008 are formed with suffi-
cient stiffness to prevent the suction channel 1012 from
closing.

The squeegee vertical element 1002 includes a flexure
loop 1018 formed at its mid point. The flexure loop 1018
provides a pivot axis about which the lower end of the
squeegee vertical element can pivot when the squeegee
lower edge 1006 encounters a bump or other discontinuity in
the cleaning surface. This also allows the edge 1006 to flex
as the robot changes travel direction. When the squeegee
lower edge 1006 is free of the bump or discontinuity it
returns to its normal operating position. The waste liquid is
further suctioned into the waste liquid storage container,
compartment, or tank as described below with respect to
FIG. 10.

In an alternative shown in FIG. 12B, the second collecting
apparatus comprises a squeegee 630 interconnected with a
vacuum system. The squeegee 630 collects waste liquid in a
liquid collection volume 676 formed between a longitudinal
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edge of the squeegee and the cleaning surface as the robot
100 advances in the forward direction. The vacuum system
interfaces with the liquid collection volume to suction the
waste liquid up from the cleaning surface and deposit the
waste liquid in a waste storage tank carried on the robot
chassis 200. The squeegee 630 is shown in FIG. 10 and in
section view in FIG. 12B.

As shown in FIG. 12B, the squeegee 630 comprises a
substantially flexible and compliant element molded from a
neoprene rubber, silicone rubber, or the like, attached to the
aft end of the scrubbing module 600 and disposed across the
cleaning width. The squeegee extends downward from the
chassis 200 to make contact or near contact with the cleaning
surface. In particular, the squeegee 630 attaches to the aft
edge of the scrubber module 600 at a scrubber module lower
housing element 634 and extends downwardly to contact or
nearly contact the cleaning surface. As shown in FIG. 12B,
the squeegee 630 includes a substantially horizontal lower
section 652 that extends aft of and downwardly from the
lower housing element 634 toward the cleaning surface. A
forward edge of the squeegee horizontal lower section 652
includes a plurality of through holes 654, uniformly dis-
posed across the cleaning width. Each of the plurality of
through holes 654 interfaces with a corresponding mounting
finger 656 formed on the lower housing element 634. The
interlaced through holes 652 and mounting fingers 654
locate the forward edge of the squeegee 630 with respect to
the lower housing 634 and an adhesive layer applied
between the interlaced elements fluid seals the squeegee
lower housing interface at the forward edge.

The squeegee 630 in FIG. 12B is further configured with
an aft section 658 that attaches to an aft edge of the lower
housing element 634 along the cleaning width. A plurality of
aft extending mounting fingers 660 are formed on the lower
housing element 634 to receive corresponding through holes
formed on the squeegee aft section 658. The interlaced
through holes 662 and aft mounting fingers 660 locate the
squeegee aft section 658 with respect to the lower housing
634 and an adhesive layer applied between the interlaced
elements fluid seals the squeegee lower housing interface at
the aft edge. Of course, any attaching means can be
employed.

As further shown in FIG. 12B, a vacuum chamber 664 is
formed by surfaces of the squeegee lower section 652, the
squeegee aft section 658 and surfaces of the lower housing
element 634. The vacuum chamber 664 extends longitudi-
nally along the squeegee and lower housing interface across
the cleaning width and is fluidly connected with a waste
liquid storage tank carried by the chassis by one or more
fluid conduits 666, described below. In a preferred embodi-
ment of FIG. 12B, two fluid conduits 666 interface with the
vacuum chamber 664 at distal ends thereof. Each of the fluid
conduits 666 couple to the vacuum chamber 664 via an
elastomeric sealing gasket 670. The gasket 670 installs in an
aperture of the lower housing 634 and is held therein by an
adhesive bond, interference fit or other appropriate holding
means. The gasket 670 includes an aperture passing there-
through and is sized to receive the fluid conduit 666 therein.
The outside wall of the conduit 666 is tapered to provide a
lead in to the gasket 670. The conduit 666 is integral with the
waste liquid storage container and makes a liquid gas tight
seal with the gasket 670 when fully inserted therein.

The squeegee of FIG. 12B includes a longitudinal ridge
672 formed at an interface between the horizontal lower
section 652 and the aft section 658 across the cleaning
width. The ridge 672 is supported in contact with, or nearly
in contact with, the cleaning surface during normal opera-
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tion. Forward of the ridge 672 the horizontal lower section
652 is contoured to provide the waste liquid collecting
volume 674. A plurality of suction ports 668 extend from the
liquid collecting volume 674, through the squeegee hori-
zontal lower section 652 and into the vacuum chamber 664.
When negative air pressure is generated within the vacuum
chamber 664, waste liquid is drawn up from the liquid
collecting volume 674 into the vacuum chamber 664. The
waste liquid is further suctioned into the waste liquid storage
container or tank as described below.

A third squeegee configuration is shown in FIGS. 42
through 45. FIG. 42 depicts a side schematic view; FIG. 43
depicts a perspective view, FIG. 44 depicts another side
schematic view, and FIG. 45 depicts a third side schematic
view. This squeegee is a split squeegee, where a front
crenellated panel provides separation to create vacuum
channels, and a rear squeegee wiper maintains ground
contact and collects fluid for the vacuum. These members
are placed on different parts of the cleaning head, and match
up when the cleaning head is closed.

As shown in FIG. 42, the cartridge housing or shroud
opens about a hinge point 613 (to the right, above the static
brush 612). The static brush 612 (e.g., the spreader brush) is
mounted in the lower part of the shroud. The spinning brush
604 (e.g., the powered brush or wiper) is supported by the
lower part of the shroud as well. The front squeegee 1004 is
attached to the shroud bottom. As shown in FIG. 42, the
front squeegee 1004 is shown in a position that it would take
if it did not contact the rear shroud, i.e., the front squeegee
1004 is either resilient or biased toward the rear squeegee
1006, which is, in this case, a resilient elastomer. When the
rear squeegee 1006, which can be over-molded to the shroud
top, is closed with the shroud top or cover, the two squeegees
settle into the operating position (shown in section in FIG.
44). The rear squeegee 1006, which is resilient, is moved
toward the rear, and the front squeegee 1004 is just slightly
moved toward the front, sliding slightly along the rear
squeegee 1006. The settled position is slightly angled and
provides the vacuum channels at just above the floor surface,
with sufficient floor contact of the rear squeegee 1006. As
shown in FIG. 43, the front squeegee 1004 is formed as a
crenellated panel angled from the vertical and extending
along the working width, the crenellated panel leading up to
a flexure corner 1009 pointing upwards that also extends
along the working width, which turns the corner, then curves
downward and forward and leads into a horizontal panel for
mounting. The crenellations or ribs 1008, visible in FIG. 43,
maintain a correct flow path between the leading squeegee
1004 and the trailing squeegee 1006. The flexure angle
provides a good range of motion and flexibility, from both
fore and aft for the two squeegees working together (as
discussed herein, able to overcome obstacles the height of
the robot ground clearance).

The rear squeegee 1006, shown in section in FIG. 45, is
about 1 mm thick (with other dimensions as discussed
herein) and includes a flat panel arranged vertically and
extending along the working width, a compliant element as
a reverse C-curve flexure loop 1018, thinner than the flat
panel and also extending along the working width, and a
snap retention feature 1019 (shown retained in FIG. 44). In
the operating position, the rear squeegee 1006 bends gen-
erally between the snap retention element 1019 and the flat
panel 1006, with much of the bending taking place along the
height of the C-curve flexure loop 1018. Other structures,
such as hinges or different materials, can be used as the
compliant element and are considered to fall within this
language. The rear squeegee 1006 can be formed, as shown
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in FIG. 42, to extend all the way to the top and over within
the vacuum chamber. If through-holes are formed or made
in the top rear squeegee material, the entire rear squeegee
can act as both a squeegee and as a seal for the wet vacuum
ports at the top of the wet vacuum chamber 1016, as the
resilient rear squeegee material closely meets the vacuum
ducting as the cleaning head cartridge is matched to the
robot. In other circumstances, where the rear squeegee 1006
is formed from a different material than all or some of the
upper portion of the rear squeegee 1006, or where the rear
squeegee 1006 does not extend all the way to the top or
around the vacuum chamber, alternative seals may be pro-
vided.

FIG. 44 in general shows the operating position, wherein
the rear squeegee 1006 angles back, and both flexure por-
tions are positioned to permit flexure of the squeegee
combination. Although the rear squeegee 1006 is formed as
a flat panel wall (and alternatives as discussed herein) with
a planar bottom, in the operating position as it is angled back
by the front squeegee 1004, and a working edge, the edge of
the wall and wall bottom, contacts the ground rather than the
planar bottom. The contact force, area, angle, flatness and
edge profile of this contact is a large contributor to the drag
of the cleaning elements, and as discussed herein, is to be
maintained at a sufficiently low level of drag to permit
traction while still enabling the squeegeeing of water on flat
or irregular surfaces.

One squeegee as described is split fore/aft for easy
disassembly and cleaning. This allows the user easily to
remove the front and rear sections of the squeegee and
associated vacuum chamber, allows for easy removal of any
blockage or obstruction such as will from time to time be
found in the vacuum path. It also allows the user to place the
cleaning head in, for example, a dishwasher to more thor-
oughly clean and sanitize it. However, the squeegee may be
alternatively split left/right as well. as the robot spins in
place or turns, the squeegee can assume a configuration in
which one side is bent backward and one side is bent
forward. The point at which the bend switches from back-
ward to forward can act as a more or less solid column under
the robot, tending to high center it and interfere with
mobility. By providing a split in the center of the squeegee,
this tendency can be mitigated or eliminated, increasing
mobility.

Referring to FIG. 10, the scrubbing module 600 is formed
as a separate subsystem that is removable from the robot
chassis. The scrubbing module 600 includes support ele-
ments comprising a molded two-part housing formed by the
lower housing element 634 and a mating upper housing
element 636. The lower and upper housing elements are
formed to house the rotatable scrubbing brush assembly 604
therein and to support it for rotation with respect to the
chassis. The lower and upper housing elements 634 and 636
are attached together at a forward edge thereof by a hinged
attaching arrangement. Each housing element 634 and 636
includes a plurality of interlacing hinge elements 638 for
receiving a hinge rod 640 therein to form the hinged
connection. Of course, other hinging arrangements can be
used. The lower and upper housing elements 634 and 636
form a longitudinal cavity for capturing the rotatable scrub-
bing brush assembly 604 therein and may be opened by a
user when the scrubbing module 600 is removed from the
robot 100. The user may then remove the rotatable scrubbing
brush assembly 604 from the housing to clean it replace it or
to clear a jam.

The rotatable scrubbing brush assembly 604 comprises
the cylindrical bristle holder 618, which may be formed as
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a solid element such as a sold shaft formed of glass-filled
ABS plastic or glass-filled nylon. Alternately the bristle
holder 618 may comprise a molded shaft with a core support
shaft 642 inserted through a longitudinal bore formed
through the molded shaft. The core support shaft 642 may be
installed by a press fit or other appropriate attaching means
for fixedly attaching the bristle holder 618 and the core
support shaft 642 together. The core support shaft 642 is
provided to stiffen the brush assembly 604 and is therefore
formed from a stiff material such as a stainless steel rod with
a diameter of approximately 10-15 mm (0.4-0.6 inches). The
core support shaft 642 is formed with sufficient stiffness to
prevent excessive bending of the cylindrical brush holder. In
addition, the core support shaft 642 may be configured to
resist corrosion and or abrasion during normal use.

As noted herein a powered brush is employed. The brush
itself is easily removable from the cleaning head. This
allows for the possibility for swapping in different brushes
for special situations without replacing the entire cleaning
head. The invention contemplates a set of brushes, each
having differing physical structure (e.g., tight bristle spac-
ing, loose, stiff bristle, wipers and bristles, etc.) for wood
flooring, grout lines, uneven floors, etc. Different bristle
compositions and configurations may be appropriate for
different floor surfaces. Each tuft of bristles can be com-
posed of a different number and type of bristles. The size of
the tuft and the composition of the bristles impact its
cleaning ability, energy consumption, and ability to handle
different floor textures, and fluid management. Setting tufts
at a lateral angle—allows cleaning beyond the edge of the
brush core, and setting tufts at a tangential angle allows
bristle tips to more aggressively strike the floor and reach
deeper into cracks/grout lines.

The bristle holder 618 is configured with a plurality of
bristle receiving holes 620 bored or otherwise formed per-
pendicular with the rotation axis of the scrubbing brush
assembly 604. Bristle receiving holes 620 are filled with
clumps of scrubbing bristles 616 which are bonded or
otherwise held therein. In one example embodiment, two
spiral patterns of receiving holes 620 are populated with
bristles 616. A first spiral pattern has a first clump 622 and
a second clump 624 and subsequent bristle clumps follow a
spiral path pattern 626 around the holder outside diameter.
A second spiral pattern 628 starts with a first clump 630
substantially diametrically opposed to the clump 622. Each
pattern of bristle clumps is offset along the bristle holder
longitudinal axis to contact different points across the clean-
ing width. However, the patterns are arranged to scrub the
entire cleaning width with each full rotation of the bristle
holder 618. In addition, the pattern is arranged to fully
contact only a small number of bristle clumps with cleaning
surface simultaneously, (e.g., two) in order to reduce the
bending force exerted upon and the torque required to rotate
the scrubbing brush assembly 604. Of course, other scrub-
bing brush configurations having different bristle patterns,
materials and insertion angles are usable. In particular,
bristles at the right edge of the scrubbing element may be
inserted at an angle and made longer to extend the cleaning
action of the scrubbing brush further toward the right edge
of the robot for cleaning near the edge of a wall.

The scrubbing brush assembly 604 couples with a scrub-
bing brush rotary drive module 606 which is shown sche-
matically in FIG. 13. The scrubbing brush rotary drive
module 606 includes a DC brush rotary drive motor 608,
which is driven at a constant angular velocity by a motor
driver 650. The motor driver 650 is set to drive the motor
608 at a voltage and DC current level that provides the
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desired angular velocity of the rotary brush assembly 604,
which in one embodiment is about 1500 RPM; values as low
as about 500 RPM, and as high as about 3000 RPM are
contemplated. The drive motor 608 is coupled to a mechani-
cal drive transmission 610 that increases the drive torque
and transfers the rotary drive axis from the drive motor 608,
which is positioned on the top side of the chassis 200, to the
rotation axis of the scrubbing brush assembly 604, which is
positioned on a bottom side of the chassis 200. A drive
coupling 642 extends from the mechanical drive transmis-
sion 610 and mates with the rotatable scrubbing brush
assembly 604 at its left end. The action of sliding the
scrubber module 600 into the cavity 602 couples the left end
of the rotatable brush assembly 604 with the drive coupling
642. Coupling of the rotatable brush assembly 604 aligns its
left end with a desired rotation axis, supports the left end for
rotation, and delivers a rotary drive force to the left end. The
right end of the brush assembly 604 includes a bushing or
other rotational support element 643 for interfacing with
bearing surfaces provided on the module housing elements
634, 636.

The scrubber module 600 further includes a molded right
end element 644, which encloses the right end of the module
to prevent debris and spray from escaping the module. The
right end element 644 is finished on its external surfaces to
integrate with the style and form of adjacent external sur-
faces of the robot 100. The lower housing element 634 is
configured to provide attaching features for attaching the
smearing brush 612 to its forward edge and for attaching the
squeegee 630 to its aft edge. A pivotal latching element 646
is shown in FIG. 10 and is used to latch the scrubber module
600 in its operating position when it is correctly installed in
the cavity 632. The latch 646 attaches to attaching features
provided on the top side of the chassis 200 and is biased into
a closed position by a torsion spring 648. A latching claw
649 passes through the chassis 200 and latches onto a hook
element formed on the upper housing 636. The structural
elements of the wet cleaning module 600 may be molded
from a suitable plastic material such as a polycarbonate,
ABS, or other materials or combinations of materials. In
particular, these include the lower housing 634, the upper
housing 636, the right end element 644, and the latch 646.
Air Moving Subsystems or Vacuum & Blower Assembly

FIG. 14 depicts a schematic representation of a wet dry
vacuum module 500 and its interface with the cleaning
elements of the robot 100. The wet dry vacuum module 500
interfaces with the first collecting apparatus to suction up
loose particulates from the cleaning surface and with the
second collecting apparatus to suction up waste liquid from
the cleaning surface. The wet dry vacuum module 500 also
interfaces with an integrated liquid storage container 800
attached to the chassis 200 and deposits loose particulates
and waste liquid into one or more waste containers housed
therein.

Referring to FIGS. 14 and 15, the wet dry vacuum module
500 comprises a single fan assembly 502; however, two or
more fans can be used without deviating from the present
invention. The fan assembly 502 includes a rotary fan motor
504, having a fixed housing 506 and a rotating shaft 508
extending therefrom. The fixed motor housing 506 attaches
to the fan assembly 502 at an external surface of a rear
shroud 510 by threaded fasteners, or the like. The motor
shaft 508 extends through the rear shroud 510 and a fan
impeller 512 is attached to the motor shaft 508 by a press fit,
or by another appropriate attaching means, for causing the
impeller 512 to rotate with the motor shaft 508. A front
shroud 514 couples with the rear shroud 510 for housing the

10

15

20

25

30

35

40

45

50

55

60

65

44

fan impeller 512 in a hollow cavity formed between the front
and rear shrouds. The fan front shroud 514 includes a
circular air intake port 516 formed integral therewith and
positioned substantially coaxial with a rotation axis of the
motor shaft 508 and impeller 512. The front and rear shrouds
510, 514 together form an air exit port 518 at a distal radial
edge of the fan assembly 502.

The fan impeller 512 generally comprises a plurality of
blade elements arranged about a central rotation axis thereof
and is configured to draw air axially inward along its rotation
axis and expel the air radially outward when the impeller
718 is rotated. Rotation of the impeller 512 creates a
negative air pressure zone, or vacuum, on its input side and
a positive air pressure zone at its output side. The fan motor
710 is configured to rotate the impeller 715 at a substantially
constant rate of rotational velocity, e.g. 14,000 RPM, which
generates a higher air flow rate than conventional fans for
vacuum cleaners or wet vacuums. Rates as low as about
1,000 RPM and as high as about 25,000 RPM are contem-
plated, depending on configuration of the fan. A flywheel
may be concentric with the fan impeller 715, especially if
the fan is located close to the center of gravity of the robot.

The air flow rate of the fan may range from about 60-100
CFM in free air and about 60 CFM in the robot, with
approximately 60% of this flow rate is dedicated to the wet
vac portion of the robot. This percentage is adjustable, either
manually by the user or during manufacture. Adjustment of
the airflow between the wet and dry vac systems would
allow the user to configure the user to address particular
needs of certain applications. Additionally, a multi-stage fan
design could produce a similar air flow rate, but higher static
pressure and velocity, which helps to maintain flow. Higher
velocity also enables the device to entrain dry particles and
lift and pull fluids. The multiple ribs and channels of the
squeegee help to create areas of localized high velocity for
entraining particles. In one embodiment, total cross sectional
area is 180 square mm for each of the wet and dry vacuum
(squeegee and suction port).

As shown in FIGS. 24 and 25, one example of an impeller
512 is a two stage fan assembled from a base plate 5124
having a hub or nose formed therein, and a vane assembly
5125, having an inducer 512¢ and exducer 5124 formed
therein. As shown in FIG. 24, the inducer 512¢ includes
forward curved inlet blades, which increase flow rate and
efficiency over fan designs that do not use an inducer. The
exducer blades are back swept and contribute to centrifugal
flow. Also, as shown in FIG. 24, specifically sized balancing
pins 512¢ are positioned at regular degreed intervals about
the rim of the vane assembly 5124. The pins are used to
assist material removal for balancing as a fan assembly
designed for sustained 14,000 RPM operation of a plastic
fan. Both the base plate 5126 and vane assembly 5124 are
formed from resin or plastic, and have various irregularities
and density variations. After the base plate 5125 and vane
assembly 5125 are assembled, a balancing machine is used
to identify a number of pins at specific positions to remove
in order to balance the impeller. As shown in FIGS. 15 and
26, the impeller 512 is arranged within a scroll formed from
the front and rear shrouds 512, 514. The scroll is for static
pressure recovery and flow collection for use in the “blow™
portion of the dry vacuum system. As shown in FIG. 26, a
front scroll 514 and a rear scroll 510 are assembled together
to hold the impeller 512, a seal 516 sealing the inducer end
of the impeller 512. The impeller 512 provides vacuum for
the wet and dry vacuum sections, and a part of the output is
split off to provide an air jet to the dry vacuum section. A
bifurcator 515 splits a smaller portion of the output air flow
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off using a rear duct 5175, while most of the output air flow
is exhausted via an exhaust duct and muffler. As shown in
FIG. 26, a circuit board 5044 for the fan motor 504 is placed
near the fan motor. This circuit board is one that may be
rendered water resistant or waterproofed by the structures
discussed herein.

With respect to the blower shown in FIGS. 24-26, the
scroll design folds back in on itself to allow a 30 percent
larger impeller, without any loss in scroll volume while
maintaining the same package size. The inducer is the
portion of the fan blade dedicated to inlet flow only. Alter-
natively or in addition, a passive or active bypass system
(e.g., a governor plus vane; or a motorized actuator plus a
vane) may be provided to balance the blower outlet to
suction port inlet flows for optimum performance over a
variety of system conditions. A “moat” (i.e., a channel or
wall) is alternatively or addition, in front of impeller to
prevent water from entering impeller. The impeller used for
air handling moves air through the system at considerable
velocity, which can lead to water being pulled out of the
dirty tank, through the impeller, and back to the floor. The
moat is designed to prevent or limit this occurrence.

As shown in the FIGS., the main exhaust is in line with
the cleaning head. In other words, while the cleaning head
extends to the edge of the dominant side of the robot, a space
of up to %5 of the robot is preserved beside the cleaning head
on the robot diameter. As noted above, the gear train and/or
motor for the cleaning head powered brush or wiper may be
placed in this space. Additionally, the main exhaust may be
placed in this space. Placing the main exhaust, which is quite
strong (being most of the exhaust for the wet and dry
vacuums, only a part used to blow debris in the dry vacuum)
along the line of the cleaning head prevents applied,
brushed, and/or wiped fluid from escaping the perimeter of
the robot on the non-dominant side. Additionally, it is a
feature of the cleaning head that the cartridge housing is
internally dry (not connected to any fluid generating devices,
and generally sealed against wetness), such that upon
removal of the cleaning head cartridge, the user is presented
with dry surfaces for handling the cleaning head. The
exhaust also may be placed behind the cleaning head to
assist in drying. In such a case, the exhaust could be spread
by appropriate ducts and channels.

As shown schematically in FIG. 14, a closed air duct or
conduit 552 is connected between the fan housing exit port
518 and the air jet port 554 of the first cleaning zone A and
delivers high pressure air to the air jet port 554. At the
opposite end of the first cleaning zone A, a closed air duct
or conduit 558 connects the air intake port 556 with the
integrated liquid storage container module 800 at a container
intake aperture 557. Integral with the integrated storage
container or tank 800, a conduit 832, detailed below, con-
nects the container intake aperture 557 with a plenum 562.
The plenum 562 comprises a union for receiving a plurality
of air ducts connected thereto. The plenum 562 is disposed
above a waste storage container portion of the integrated
liquid storage container or tank module 800. The plenum
562 and waste container portion are configured to deposit
loose particulates suctioned up from the cleaning surface by
the air intake port 556 into the waste container. The plenum
652 is in fluid communication with the fan intake port 516
via a closed air duct or conduit comprising a conduit 564, not
shown, connected between the fan assembly and a container
air exit aperture 566. The container air exit aperture 566 is
fluidly connected with the plenum 562 by an air conduit 830
that is incorporated within the integrated liquid storage tank
module 800. Rotation of the fan impeller 512 generates a
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negative air pressure or vacuum inside the plenum 560. The
negative air pressure generated within the plenum 560 draws
air and loose particulates in from the air intake port 556.

As further shown schematically in FIG. 14, a pair of
closed air ducts or conduits 666 interface with scrubbing
module 600 of the second cleaning zone B. The air conduits
666, shown in section view in FIG. 10 comprise external
tubes extending downwardly from the integrated liquid
container module 800. The external tubes 666 insert into the
scrubber module upper housing gaskets 670.

As shown in FIG. 14, conduits 834 and 836 fluidly
connect each external tube 666 to the plenum 652. Negative
air pressure generated within the plenum 652 draws air from
the vacuum chamber 664 via the conduits 834, 836 and 666
to suction waste liquid from the cleaning surface via the
suction ports 668 passing from the vacuum chamber 664 to
the waste liquid collecting volume 674. The waste liquid is
draw into the plenum 562 and deposited into the waste liquid
storage container.

Of course other wet dry vacuum configurations are con-
templated without deviating from the present invention. In
one example, a first fan assembly may be configured to
collect loose particulates from the first cleaning zone and
deposit the loose particulates in the first waste storage
container or tank and a second fan assembly may be con-
figured to collect waste liquid from the second cleaning zone
and deposit the waste liquid into a second waste storage
container or tank. Integrated Liquid Storage Tank

Elements of the integrated liquid storage container mod-
ule 800 are shown in FIGS. 1, 12, 14, 16 and 17. Referring
to FIG. 16, the integrated liquid storage container 800 is
formed with at least two liquid storage container or tank
portions. One container portion comprises a waste container
portion and the second container portion comprises a clean-
ing fluid storage container or tank portion. In another
embodiment of the present invention the two storage con-
tainers are formed as an integral unit that is configured to
attach to the chassis 200 and to be removable from the
chassis by a user to empty the waste container portion and
to fill the cleaning fluid container portion. In an alternate
embodiment, the integrated storage containers can be filled
and emptied autonomously when the robot 100 is docked
with a base station configured for transferring cleaning fluid
and waste material to and from the robot 100. The cleaning
fluid container portion S comprises a sealed supply tank for
holding a supply of the cleaning fluid. The waste container
portion W comprises a sealed waste tank for storing loose
particulates collected by the first collecting apparatus and for
storing waste liquid collected by the second collecting
apparatus.

The waste tank D (or compartment D) comprises a first
molded plastic element formed with a base surface 804 and
an integrally formed perimeter wall 806 disposed generally
orthogonal from the base surface 804. The base surface 804
is formed with various contours to conform to the space
available on the chassis 200 and to provide a detent area 164
that is used to orient the integrated liquid storage container
or tank module 800 on the chassis 200. The detent 164
includes a pair of channels 808 that interface with corre-
sponding alignment rails 208 formed on a hinge element
202, attached to the chassis 200 and described below. The
perimeter wall 806 includes finished external surfaces 810
that are colored and formed in accordance with the style and
form of other external robot surfaces. The waste tank D may
also include a tank level sensor housed therein and be
configured to communicate a tank level signal to the master
controller 300 when the waste tank D (or compartment D) is
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full. The level sensor may comprise a pair of conductive
electrodes disposed inside the tank and separated from each
other. A measurement circuit applies an electrical potential
difference between the electrodes from outside the tank.
When the tank is empty no current flow between the
electrodes. However, when both electrodes are submerged in
waste liquid, current flows through the waste liquid from one
electrode to the other. Accordingly, the electrodes may be
located at positions with the tank for sensing the level of
fluid within the tank.

The cleaning fluid storage container or tank S is formed
in part by a second molded plastic element 812. The second
molded element 812 is generally circular in cross-section
and formed with a substantially uniform thickness between
opposing top and bottom surfaces. The element 812 mates
with the waste container perimeter wall 810 and is bonded
or otherwise attached thereto to seal the waste container,
compartment, or tank D. The plenum 562 is incorporated
into the second molded element 812 and positioned verti-
cally above the waste container, tank D (or compartment D)
when the cleaning robot is operating. The plenum 562 may
also comprise a separate molded element.

The second molded element 812 is contoured to provide
a second container portion for holding a supply of cleaning
fluid. The second container portion is formed in part by a
downwardly sloping forward section having an integrally
formed first perimeter wall 816 disposed in a generally
vertically upward direction. The first perimeter wall 816
forms a first portion of an enclosing perimeter wall of the
liquid storage container S. The molded element 812 is
further contoured to conform to the space available on the
chassis 200. The molded element 812 also includes the
container air input aperture 840, for interfacing with first
cleaning zone air conduit 558. The molded element 812 also
includes the container air exit aperture 838, for interfacing
with the fan assembly 502 via the conduit 564.

A molded cover assembly 818 attaches to the molded
element 812. The cover assembly 818 includes a second
portion of the supply tank perimeter wall formed thereon
and provides a top wall 824 of the supply tank enclosure.
The cover assembly 818 attaches to the first perimeter wall
portion 816 and to other surfaces of the molded element 814
and is bonded or otherwise attached thereto to seal the
supply container S. The supply container S may include a
tank empty sensor housed therein and be configured to
communicate a tank empty signal to the master controller
300 when the upper tank is empty.

The cover assembly 818 comprises a molded plastic cover
element having finished external surfaces 820, 822 and 824.
The finished external surfaces are finished in accordance
with the style and form of other external robot surfaces and
may therefore be colored and or styled appropriately. The
cover assembly 818 includes user access ports 166, 168 to
the waste container tank D to the supply container S,
respectively. The cover assembly 818 also includes the
handle 162 and a handle pivot element 163 attached thereto
and operable to unlatch the integrated liquid storage tank
800 from the chassis 200 or to pick up the entire robot 100.

According to the invention, the plenum 562 and each of
the air conduits 830, 832, 834 and 836 are inside the
cleaning fluid supply container S and the interconnections of
each of these elements are liquid and gas sealed to prevent
cleaning fluid and waste materials from being mixed
together. The plenum 562 is formed vertically above the
waste container, compartment, or tank D so that waste liquid
waste and loose particulates suctioned into the plenum 562
will drop into the waste tank D (or compartment D) under
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the force of gravity. The plenum side surfaces 828 include
four apertures formed therethrough for interconnecting the
plenum 562 with the four closed air conduits interfaced
therewith. Each of the four closed air conduits 830, 832, 834
and 836 may comprise a molded plastic tube element formed
with ends configured to interface with an appropriate mating
aperture.

As shown in FIG. 16, the container air exit aperture 838
is generally rectangular and the conduit 830 connecting the
container air exit aperture 838 and the plenum 562 is shaped
with a generally rectangular end. This configuration pro-
vides a large area exit aperture 838 for receiving an air filter
associated therewith. The air filter is attached to the fan
intake conduit 564 to filter air drawn in by the fan assembly
502. When the integrated storage tank 800 is removed from
the robot, the air filter remains attached to the air conduit 564
and may be cleaned in place or removed for cleaning or
replacement as required. The area of the air filter and the
container exit aperture 838 are formed large enough to allow
the wet dry vacuum system to operate even when up to about
50% or more of the air flow through the filter is blocked by
debris trapped therein.

FIG. 27 depicts a second schematic exploded isometric
view showing elements of an integrated tank similar to that
of FIG. 16. FIG. 27 depicts many of the same or similar
elements as FIG. 3. Some alternative terminology is used in
the following description. The elements shown in FIG. 27
are the handle, a manifold including plenum 830 and tubes
832, 834, 836 (in this embodiment, the plenum and air flow
conduits are all integral; in other embodiments, the air flow
conduits would be replaced with rubber guide tubes), a
pump filter, and a magnet reed. FIG. 27 shows a D-shaped
flexible rubber tank cap for the clean tank, a similar one for
the waste tank (these rubber tank caps include an inner
circular seal that conforms to the shape of the tubes leading
to the compartments, and a D-shaped outer part that has a
matching receiver in the tank lid, as depicted in FIG. 27).
When the tank is loaded in the clevis-like holder or pivot
clamp, the holder can assist in holding shut both of the
D-shaped flexible rubber tank caps. The figure also depicts
the tank bottom (which forms the dirty compartment), the
tank middle, and the tank top (which forms the clean
compartment). As show, the plenum and/or conduits for the
dry and/or wet vacuums extend through the clean tank. This
would not generally be found in a larger device, as a larger
device would have space to arrange vacuum and/or other air
flow conduits outside clean or dirty water tanks. Alterna-
tively, only some of the conduits for the vacuum could
extend through the clean tank (e.g., the wet only, the dry
only, one wet and one dry), or some or all of the conduits
could extend through the dirty tank. Alternatively, one or
more conduits could extend through both tanks. Still further
alternatively, the conduits could be formed in another layer,
i.e., be sandwiched between two tank middle plates. FIG. 27
also depicts an O-ring for sealing the tank top to a tube
passing from the tank top through the tank middle to the
dirty compartment.

FIGS. 28-30 show a sealing flap 598, airfoil, foam/airflow
wall, and ball 594 within the integrated tank 592. FIG. 31 is
an isometric view of a foam blocking wall within the
integrated tank 592.

As shown in FIG. 27, an aperture 562a at the bottom of
the plenum (in this embodiment, “bottom™ refers to the
operating orientation) permits particulates and waste water
to drop into the waste tank D. As shown in FIG. 16A, this
aperture is relatively large. When the tank or robot is lifted
and leaves the operating orientation, collected waste must be
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retained in the waste tank D to prevent it from entering the
fan or escaping the waste tank to wet the user or floor. As
shown in FIGS. 28-30, a hinged flap 598 is provided to seal
the aperture 562a.

The hinged flap 598 is hinged at one side of the aperture
562a, and opens down. That is, when the robot operates, the
flap 598 is to be kept open, to permit waste to enter the waste
tank D. However, air flow passing over the flap 598 toward
the vacuum side of the fan assembly 502 creates a low
pressure region above the flap 598 (Venturi/Bernoulli
Effect), which can tend to pull up and close the flap in some
operating conditions. An airfoil 596 attached to the flap 598
within the plenum 562 is introduced into this air flow, and
the down-force effect of the airfoil 596 dominates the
Bernoulli Effect, keeping the flap 598 open whenever sig-
nificant air flow is present. The airfoil 596 is shaped as a
generally horizontal (and, in certain embodiments, upswept)
wing 5964 mounted atop a vertical fin 5965, resembling a T
assembly airplane tail. The airfoil 596 is swept in a direction
to create down-force or flap-opening force during robot
operation.

As shown in FIGS. 28-30, the hinged flap 598, however,
is allowed to open no farther than a ball 594. The ball 594
is provided below the flap 598 to close the flap 598 when the
tank or robot are moved from the operating orientation to a
non-horizontal, vertical or partially vertical orientation (e.g.,
when the tank alone or robot is being carried). Alternatively,
the ball 594 may prevent the flap 598 from moving more
than a predetermined distance away from the aperture.
Regardless of the degree of movement of the flap 598, the
arrangement of the ball 594 and flap 598 provides for
opening and closing the flap 598 at appropriate times. A
downwardly open upper cone 598a is formed in the bottom
of the hinged flap, and an upwardly open lower cone 592 is
formed in the waste tank D. The walls of each cone are less
than 45 degrees from horizontal, the walls of the lower cone
592 being shallower than those of the upper cone 598a and
less than about 30 degrees from horizontal. In a normal
operating orientation, the ball 594 rests in the lower cone
592, and waste drops through the aperture 562a and around
the ball 594. When the tank or robot are moved into any
orientation other than horizontal, the ball 594 escapes the
shallow lower cone 592 and travels along the converging
walls of the upper and lower cone, pushing on and closing
the flap 598. A matching lip seal 5626-598a around the
aperture 562q and flap 598 prevents waste from escaping the
waste tank D when the flap 598 is closed by the ball 594.

The vertical fin 5965, however, serves a purpose other
than merely supporting the airfoil(s) 596a. The vertical fin
5965 forms a vertical wall that extends substantially across
the length of the flap 598. This wall begins at or near the
entry of the wet vacuum conduit 832 and dry vacuum
conduits 834, 836 into the plenum 562, and separates the dry
vacuum air stream(s) from the wet vacuum air stream across
the length of the flap 598 as noted, as well as substantially
across the length of the plenum 562. Accordingly, particu-
lates will generally tend to remain dry while they drop into
the waste tank D. The dry side air flow moves at higher
speed than the wet side air flow entering the plenum.
Keeping foam on the low speed side helps the foam move
into the tank.

As shown in FIGS. 28-30, the flap-ball-airfoil arrange-
ment uses gravity and existing air flow to open and close the
flap/aperture depending on circumstances, and generally
avoids issues of corrosion or collection of sludge, which
could adversely affect more complex actuation. The combi-
nation constitutes an aperture-closing member (the flap); a
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member that helps open the flap during operation (the
airfoil); and a member that helps close the flap when the
robot is moved to a non-operating position (the ball). It may
not be necessary to close the flap when the robot is not
operating but remains horizontal, as gravity prevents the
escape of waste fluid, and there exists some advantage to
keeping the flap open to permit fluid in the plenum to drip
into the waste tank after air flow stops. In cases where the
flap should be closed during non-operation, however, other
mechanical means (including airfoils, springs, balls, or
weights) could close the flap as soon as air flow stops, e.g.,
a member that tends to close the flap except during operation
could also or alternatively be included. Unpowered, non-
electrical actuation of such a mechanism would require no
independent power supply, and it is noted that the flap-ball-
airfoil combination is simple, robust, and durable. Regard-
less, electrical and/or fluid-powered actuators still may be
used in lieu of or in addition to mechanical devices such as
airfoils, balls, springs (including elastomers), and weights.

As shown in FIG. 31, one particular alternative technique
for maintaining the flap appropriately open or closed would
employ a pendulum or plumb weight arranged to pull open,
or permit to open, the flap during operation and to swing to
close the flap when the tank or robot is moved to a
non-horizontal orientation. The pendulum or plumb weight
could either hang freely from a position near the flap bottom,
or could be attached to a relatively rigid multi-way arm or
“hat” angled from the pendulum “shaft,” the pendulum
pivoting substantially about the angle, preferably about a
multi-way ball, shoulder, or loosely coupled axis that per-
mits the arms to tilt relative to the flap. One support that
provides an appropriate axis is a conic shape with a small
hole at the point of the cone, the cone opening down, and the
shaft of the pendulum being relatively loose in the hole at the
point of the cone. If the hat or arms are above the hole, and
the weight movable within the cone, the assembly will keep
the arms horizontal until the robot or tank is moved away
from the horizontal, in which case the pendulum shaft tilts
inside the hole and cone, at least one part of the hat or arms
then pushing the flap closed. The flap can include a seat for
the hat or arms that is internally curved along the hat to
permit clearance and free movement as appropriate. The
pendulum weight pivots the arms or hat so that the arms or
hat are substantially horizontal when the robot or tank is
horizontal (pulling open or permitting the relatively com-
pliant flap to open when the robot or tank is horizontal) and
at least one arm or part of the hat pushes the flap against the
seal when the robot or tank is not horizontal (pushing the
relatively compliant flap closed in the vertical or non-
horizontal orientation). The pendulum weight should move
freely, and can be positioned as far as possible from the flap
(proximate the far walls of the tank) to provide a longer
moment arm.

FIG. 32 is an isometric view of a foam blocking wall 580
within the integrated tank D. As noted herein, a waste fluid
(WTF) sensor is used at the top of the waste fluid tank. The
waste fluid sensor is conductive, and when waste fluid
reaches the top of the tank, a current may pass between two
wire probes at the top of the compartment, indicating via a
visible or audible signal emitted from the robot that the
waste compartment is full. During cleaning, however,
depending on the cleaning fluid and what has been cleaned,
foam may build up in the waste fluid compartment and, as
foam can conduct a current, give a false positive reading on
the waste fluid full sensor. The foam tends to be generated
before, or during entry of waste fluid into the aperture or
entrance port to the waste compartment. As shown in FIG.
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32, awall is provided between an isolated section 579 of the
waste fluid compartment (in which one or both of the probes
are located) and the remainder of the tank D. The wall 580
includes a gap or fluid entrance port 578 at the bottom of the
tank D, but otherwise is a complete wall isolating the probe
chamber 579, with sufficient air flow allowed to enable
water to easily enter the chamber, and subsequently rise
therein. Foam can exist in the main chamber D, but does not
transfer to the isolated probe chamber 579, which remains
generally foam free. Accordingly, the sensor does not gen-
erally register the presence of foam in this configuration.

Returning to FIGS. 16 and 28, each of the container
apertures 840 and 838 are configured with a gasket, not
shown, positioned external to the container aperture. The
gaskets provide substantially airtight seals between the
container assembly 800 and the conduits 564 and 558. In one
embodiment, the gaskets remain affixed to the chassis 200
when the integrated liquid supply container 800 is removed
from the chassis 200. The seal is formed when the container
assembly 800 is latched in place on the robot chassis. In
addition, some of the container apertures may include a flap
seal or the like for preventing liquid from exiting the
container while it is carried by a user. The flap seal remains
attached to the container.

FIG. 28 shows that the air conduits are connected to the
plenum with flexible (e.g., elastomer) tubes. These tubes
help account for the stack-up of manufacturing tolerances.
Alternatively, as discussed herein, the entire set of plenum
and conduits may be formed as an, e.g., blow-molded or
other unit; or the plenum and conduits may be matching top
and bottom injection or other molded units.

Thus according to the present invention, the fan assembly
502 generates a negative pressure of vacuum which evacu-
ates air conduit 564, draws air through the air filter disposed
at the end of air conduit 564, evacuates the fan intake
conduit 830 and the plenum 562. The vacuum generated in
the plenum 562 draws air from each of the conduits con-
nected thereto to suction up loose particulates proximate to
the air intake port 556 and to draw waste liquid up from the
cleaning surface via the air conduits 834, 836 and 666, and
via the vacuum chamber 664 and the suction ports 668. The
loose particulates and waste liquid are drawn into the
plenum 562 and fall into the waste container, compartment,
or tank D.

Referring to FIGS. 1, 3, 16 and 17 the integrated liquid
storage container or tank 800 attaches to a top side of the
robot chassis 200 by a hinge element 202. The hinge element
202 is pivotally attached to the robot chassis 200 at an aft
edge thereof. The liquid storage container 800 is removable
from the robot chassis 200 by a user and the user may fill the
cleaning fluid supply container S with clean water and a
measured volume of cleaning fluid such as soap or detergent.
The user may also empty waste from the waste container,
compartment, or tank D and flush out the waste container if
needed.

To facilitate handling, the integrated liquid storage tank
800 includes a user graspable handle 162 formed integral
with the cover assembly 818 at a forward edge of the robot
100. The handle 162 includes a pivot element 163 attached
thereto by a hinge arrangement to the cover assembly 818.
In one mode of operation, a user may grasp the handle 162
to pick up the entire robot 100 thereby. In a preferred
embo